The quantitative spectrographic analysis of the rare earth elements by Fassel, Velmer Arthur
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1947
The quantitative spectrographic analysis of the rare
earth elements
Velmer Arthur Fassel
Iowa State College
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Physical Chemistry Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Fassel, Velmer Arthur, "The quantitative spectrographic analysis of the rare earth elements " (1947). Retrospective Theses and
Dissertations. 12731.
https://lib.dr.iastate.edu/rtd/12731
NOTE TO USERS 
This reproduction is the best copy available. 
UMI 

•fHi •mmrxfATim wmis OF ISE IAII 
lI»alfwTS 
w 
f"«la#r IstJiar Ws®©3. 
A l^mlm SubaittM thm #x>@Aiia.t9 
fm %hm m&tm of 
moms. Of fiitissFiT 
Major FMysisal 
Iowa Stat® 
it4f 
Signatures have been redacted for privacy.
UMI Number: DP12057 
INFORMATION TO USERS 
The quality of this reproduction is dependent upon the quality of the copy 
submitted. Broken or indistinct print, colored or poor quality illustrations and 
photographs, print bleed-through, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion. 
UMI 
UMI Microform DP12057 
Copyright 2005 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
Q V l l Z ^  
ii 
msm m mMTmts 
1. israQDnsfie* 1 
U; m&imQm aspects of wm iari iufHi s 
A* ^mioal Methods B 
i. folarograpMa Methods 4 
i. lH^dtio Methods 4 
M* X-r&y Isaissioa Speotra Methoin « ..... . § 
1, FXuoresoent Speotra Methods S 
f, Absorption Speotra Methods f 
Qt. lEaisaioQ Speotra Methods ^ « • 
M, Selection of Method for further St^y # » f 11 
III. tWAWimflfl AMM.1BIS B¥ W WISSI0S SflSm IS 
A .  a e o r e t i o a l  . . . . . . . . . . . . . . . .  W  
1* listorioal 14 
i. ipeetrographi# I,i^t Sowreen If 
1 ,  F l a m e #  . . . . . . . . . . . . . . . . .  I f  
g. Direet oitrreat are. 10 
i. Alternating @mrr#at ar® IS 
4, Alternating, ottrrent eparlc ...... 19 
i» ltt.s@®llaa®@«» m-mmm tO 
ii. Internal Standard Method' .......... gl 
X. Bpeotral thot^etry ............ g4 
f. Oalottlations and -Qalihrations ....... gf 
r r .  . . . . . . . . . . . . . . . . . . .  a t  
A. Apparatus ES 
B* Method of i3i.ulsion Calibration . . . . . . .  3 i  
d. Preliminary j^periments 43 
p. Determination of Samariw im Weoi^im ... §6 
1. Selection of line pair ^ 
5. quantitatiTe ealibrati^s ...... @0 
3. Aoeuraey and preoisiom ....... S9 
B. Oetermination of laropitEoB in ... f4 
1. Selection of line pairs f4 
£. Q,uantitatiTe ealibratioas ...... fS 
Aeeoraey and preoisioa S3. 
iil 
F. Il«t#*aima%i#a Qt I.ayg« AmvmtB of fttfi®® aat 
SaAoliniim in ioafl»x Mi3^tw#a ..... B1 
1* Introduotoff stiit«i@a%s SI 
i. Preiiminairy «iperiffientg 8i 
5. Selection of line pairs 8i 
4. Quantitatif® ©alibration® ...... Sf 
5, aa€ •p. r # © i ® i e n  . . . . . . .  9Z 
V. aeietisioss ®f 
m. MfEMWH OlflD f® 
HI, AmMQmmmmMmcB i§s 
i ^ I 
m 0 %4 
# 
«• 
m m 
I $ 
8 S 
i 
11. AMALItlOAI. MPiafS Of TEE MM SMTM 
The various okeaioal, fbjsioo-oheaieal, aad nhyeioal 
m&%ho4.B of aaalysis for th© rar© ©artMs wfei©b tow b««a i®-
ir@ioj)®<i h&m all b©@a iat«rr@lat®d ia tie seaee that ttoey 
^•e ooapleneated eaob other, flie iaatequaoiee of some of 
tlie aettod® lave toeea reliefed hf tie ealieat features of 
tie otber metteids. JlooordiJEtgly, a literature survey of all 
tlie ge&eral metbode thua far proposed was aade. fMs s^-
Tey, altiioi^ii aot extiauetive, w&m made detailed enoi^ to 
pexait am imtelligeat evaluatiom of tlie soope and limitations 
of tlie Mtliods already reported and to embody those obser-
•atioas in the plam of prooedure for deTisijag methods utoioh 
wuld yield the aaalytioal iafoiwtioa desired. 
A. Ohesieal Methods 
Beoause of the oh«l@al similarity of the rare earth ele 
Bents, the usual gravimetrio methods of tuaatitative analysis 
have served oaly for the detemination of total rare earths. 
Ordiaary aeaas of separatioa of the rare earths have aot beea 
at all suooessful aad the gwieral methods of separatiag the 
iadividual rare earths have beea based oa fraotioaatioa pro-
©edures suoh as fraetioaal ©rystallizatloa of various salts. 
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©Wfaratif® fesmltfi Mav® hmm gatisfaetorr- Sia@« ti© atoal® 
weight Qf aiif two mmmmBtw® el«iieBt® |wltli tii® @x@®ptioii ©f 
jttrioa) ar@ .elos® together,,- tli® m®thot hm aot li®©m f©«a4 
rmsf s0asiti¥®. 
1. Folairograpfeie Mettots 
©I® 4iff®rem®©ii im tfe® ®ase ©f jpdtmetioa of eujropim amd 
ftteubiw CIS,. 20| -fmrn tk® tritaleat to tl® bi*al®flt state 
as @0mfiUP®d to tl® w@m% of tb® rar® ©artb® 'Ms toe®m exploit®! 
ia til® polaapo^rajpbi© €®t®i®iaati®.a of t&®®e two of tit® 
s«jri®® |gl, S.E). a® wid® s®pairatioa of tl® lalf-wav® potemtial 
f®mitt«i, a siBmltaa®©^® d@t®miaatiom of «ttroi>it« aad 3^t®7l>iitt 
aat ga-r® y®S'alt8 aff@©iag witMia tlr®®. jp®r®@mt witte tli® volm-
mstjpi® aettod* Saaftris® ©ornld aot to® d«tesmi.a«d by tMis method 
as tto® r®dm®ti©a poteatial t® th® teivaismt stat® was fomd t® 
to® ia tb® aia® regioa as tli® i®foeiti©o. of »oa® of tlie otli®ir 
tifivaleat rar® earth 0«tioas# 
0. Mapieti® Metteda 
Oa® Qt the most oatstaMiag fhysieal properties of th® 
rare earth gr©iti> of ®l«a©ats «afloy#d for aaalytioal purpose® 
has hmmu th® faramagaetism «Ehi%it®d toy the imdividmai ia@*b®Bi 
(SS|,. ®rba.ia (24) first r@:@ogsiz®t that th® relatirely larg® 
differeat® ia th® sagaeti® snseeftihility ©omld h® mtiliaed 
for follwiag fraetioaatioas. ,iy plottiag th® ®o@ffioieiit 
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Bmmml BmiQm 4isai"raata«®® kaT® t&« ms« of tfels 
Matliod fm f^ aiial.yti«al ^wposes^ »i® • fi^eparatioa of. 
aa anot« m %mT§m% -mpmbl&f of. witMtaatis^ tk# loan teomtoarimeat 
kBM' oft@a. to#®a 4iffJ.®tt3..t,. . ••fte# lomg ®a[foemr#is r®-
tml,j?©t, .®®f®®iaX3.y f©3r m« furity Acteraiaati^aSt ^as also l>ew 
a majsjp' ms® .of tfcis a«t&od f©3P fra®ti©aatioa 
stomtml, • 
ifar® «l«®at8 pm€&mimat0 tto« sl®yt list ©f ia©f-
g«ai# smtee'^#@s f#«.s®ss iBprntm^ amA 
afpli(iati.©a8 ©f ISils s«l.#ettf® pr@p®r%y M&rm hm& aa€@ %® ama-
'IfelB ms ©xbttoiteA ia sollt {S@, 3@) 
ami Ittait «olati©as' and' ia bQth mmm has s.li©iw t© fee 
@*©e«4iagiy eeasitiv®*. 'Islag a .Mftll f®efc®t sf«®%»®©®f© aat 
atm«©ms 8©lmti©a®, Oolbysiiit ami ftonasth,®!- fSf) 3*®p©r^4 s®asi» 
tlvltl@S'-©f 3.©*^ molar fm ®'aaari«» W® B®.lar f©r ear©pim 
as€ <iyspi^«la» ao.4 molme f©r- tei-lim'. 2al4®l fSt, 3f.| 
ami @©»iri:®r« hsT® »itfl,i.®4 gf®ets©pto%©gjrapltt® testoiqaes. and 
©b:tai»®4 ©^mpai-all® s«asit.lvitl«®{' f®^ ©xaapl®, of gaio-
llaiw., ©f o®riaa, aat ©f terlitiB isa® t®t®®tatole. 
»aa®®ptitollity sf flttOf®®#®ae® t© sxtraa®o.«s Isflaea®®®, 
a® qmm@k%M^ ty th® p»®s®a«@ @f ©tteer ioas, aa4 th® ia®r®a8® 
of ia%@aBi%y 8-tali.ili»ti©a by ®Qitfl^ f©j»ati.oa, lias^ 
aa4® ^is metrnot ««iij®®t t© *a»y taterfe-f^saee® aaA i-atteir larg® 
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|4S) aaotM®? ,a®tlad teas«4, ©m fialllJig tfe« 
dtlmtina mmmBBrnj t© mffmt %hm 4i®a|}p©i#aa#® ©f tto® Mst 
f«0ist«at baat &t a glirsa smtm msth im a nlxtmr® iiai«r .irlgli 
fh®%©ir«pM® lao«d (4?} f©aat tmt mrim enali 
to® qmit® a@©tirat®ly ta this aaaaey. 
jUattoMiaa aat C^l» as tag a ia-
@ir«a®«t tl« ssasitiTfity ly i»air®l«agt& ri^toas ©f 
til® abaoyftlaa »amJLaa. ,m« atTsat of aawessial ao4«rat«ly 
pKiaeft p&otattlaati'ie sp»#t3r©plK>tome%®M as® ta feotk tli® 
'fiaiWa ®®t alti?a*rl.al®% greatly ©@ee3.®3ra^®4 ta® ajppitaatiaa ©f 
tais a@ttod« mMm C4t} aas tavestigatad thm sf«at»p&®t©-
a®tri@ 4@t«iaiaati©a ©f pyas©©ipii«a» a®©t;ptiii®, aamartwi, 
li@3®laa, artoim* tltaliw., aa4 ytta^lsim, aa4 tlii® 
a«t&.oi Ms feeaa «t^slv®iy iis®A\ta -bbls laliaratory far fallaw-
iag laa««3c®Mxii® r®alft*@a3.«Mii l^aatiaaatioaa a). 
Wtta ta® ®x@®fti©a ®f ta® Itattatioaa t© hm tiaawBsel 
iatar, tais aatbot taa» bsaa famt to te® aapariaa? ia aaamimay, 
atapliaity @f aps^atioas, i«pitlty, aat g»a«iai affllaatiaa. 
tai?tt®*ilar3.y, tli# f«at-ar« %hm% aaa® ©f thm fretaaatly ssall 
aai rar® «aapi«e war® last torlag tli® aaalys®» haa fe«®a a 
•r®ry iasltatola a&araateristi© af this aetlot, 
a® iPaat tkat laataaawm, yttrlm, t«rblm, ant l«teoiaa stow 
ma apf3?®el®Wa abaoi^ttaa Mafia ia ta® wafelei^tli r®gi©as mr®wm&. 
fey ar4iaary ©jpa^trofhatametrle^ apparatms tea sat® it Jjapoaeiai® 
t© 4®teaiiB@ ta@8© faar m«b«ra by gpaotroptoto®etrie measar©-
Ooia@li«ae@ aai awrlappiag ©f abaorptioa toaats of mmm 
i 
©f «i« irar® ©aarth® toas »!©©• 3.iait®t ms® ©f tbis ffi®-6bot fer 
tl,® aaalyitifi ©f s©it® aixtar@«.. . 
A lljiit6tl.©m iB t&# ©f tft® SFe®tjrefM©t@a«tri® 
*«1sfe©t ia. ptffity ®f tli® rar® ©artlis ha# %®®a tM® 
la@t ©f atstmat® seasitl-rity* '»>r «wfl@g. %h% Halt® tow 4®.-
tarstmiai s.aaa^i* la pwpifi@i »«©ifati» mA rnvmplvm la f«ri-
fiei kmw& •%#©» foaai t© to® approi:imet®ly 1 and 4 
p«r@emt fesfettlfslf |i©3* 
#. Mlssi©Ji @f®®tira 'l«tl6ts 
MaBf stat«®a%s la warn- mTtk l«4i®at® tliat 
%m pm%%w ©f mm ff^farmtlea# ws- .verlfiei by t&® la-
'?@stiga't,l©a ©f Wte ©ptl®al mlsml&m ®|N®#tra. , Apfar®atly a©®t 
©f these aaalys®® w®.i'« aai® ©a a tmalltatlf® ©!•• ®«lqmaatitatlT®. 
basis, fm Ittmmtmm ©a tmaatitatlir® apfll®ati®as t© tk® 
r®r@ «art1to tes beea m®ag®r. 
S«lw©©4 (ii) lafe®tifat®i tb® #®alt{i®atit®tlT® t®t«iml-
aafel©a ©# & &t mm mw  ^ mA  ^ Imfmjfltl®® 
la m®©&|»im mA 1© data mm fr®S9at®i 
aaA a^fajreatly tb® ®stiaatl@as w®?® ®Qwrm@% ©aly t® wltbla a 
fa®t©r ©f tea. 
ffe-3 «ta€laa B&mr JSgJ ©a tb® as® ©f tb® ar-? «p®®t;rtBa 
for the tttaatitatlT® aaaJLysl® ©f ilffiaaltly irap@rlz®d sabstaase® 
la®lai®t an lav©«tisa1iloa ©f tb® tateiealaatloa ©f laatbaaaa 
©xlS® la ®^fm'tb®tl® alxtmir®® ©f almlaw ©xM®, @al®lm ©xlA®, 
aat ir®a oxlt® by asiag oxt4« as lateiaal staadart. 
1® 
la ®jpror of tlO^ was 3r#port«d. fke mm&ml mix-
^turm 8ffipl#3r#€ • toy mmr mstrl&tmA Ms mmth&€ mostly %o aea-
tiai© iat®r«stis.. 
Hopkim® 1^1 aat Itis mm&Tkmm iavostigat«4 tk% 4et®mi-
aati®m. #f ®oa® laAiTidaal rare'sartbs ia «omfl®x mixtures * 
ttmj tfar®« a®tlois whish differsi ia tfe® elioi®® of 
ittt©rnal staatari amd, t®®bBlqM®, 'f^s asalytleal resalts oh-
taia@d oa ^®aty rar® •arth. aixt«r®B fey tl® ms® of tlies® tfer®« 
methods did aot^, h@mmwm, show satiBfa©t©ry agremeat. Qaoting 
from th® paj^®rs 
fh® diff@r®m®®® ia th® results @ht&iii®d w®r® mdomht-
edly dm® to 6tt@h 'tariatios® a« th® m®t«ial dispersioa 
at th® wmwml&m§%h #f th® liae pair® tt»®d ia the irari-
oms d@t®i»iB®tiom®» ia® ®hoi®® of th® diff®r«Bt iater-
aal steadarA®» sad' th® d®t«rsimatloaf of the has® lia®, 
m ««11. a® the iaevitalil® error® iatrodaood hy th® 
iaooastaaoy of th© arc aad the irari@tts faators whieh 
iaflii®a@® th® iatsaaity of liae® ixfoa th® fiat®. . . • 
fh® variations ia the trijpliQate aaalyses ar® %m large 
for a saeoessful aaalytiaal method. Itet it mast h® 
hora® ia mind that there ar® ao method® for eomplet® 
aaalysi® of .rare •arth orss aad that th® prohle® pr®-
®®at® a good meay eeriom® diffi®mlti®®» 1^® aa^or*® 
worl£ ha® progressed tm eaough to ©oafia®® then that 
the®® diffioaltie® ar® aot ®atir®ly ia®ar»oaatahl® 
aad that farther r®fia®m®ats will develof a nethot hy 
whieh th® oompositioa of ^ ® anfraetiQaatad loctraats 
of rare earth or®s may h® aad® with a reasoaahl® 
d®gr«® of aoetiraey. 
0att®rer aad Jiaak®® |M| have reported a %aaatitative 
method for the det@rminati©a of earoplaa ia sasariaa aad gado* 
liaim posaefifiiag aa experiaeatal error of ti|l. ftoe method 
propoa^ed was exeeediagly'lahoriom®, siaae alae aeparat® ®x-
eitatloas war® made for aaeh sample ia order t® faipor a sta-
tietiaal r®am@tioB of th® ©ferall ®xperliteatal error. 
1.1 
I^®2 4© <i§| 1mm 4©%®mia®d tk# relatiT® etraagtli 
•of lia®s @f a mmhmT ©f itmm whmn mmhime^ with, a feas® 
aixtar® ©f m«Fe*tti# ©aiifie ®to©-rit# aat 4«Y®lof®i a 
tm ti® mt gatollaiw aat swa^itim t®w 
whi&h m &t was @lala®t. fk@ ^ -ll®®® Mfeya^f 
was still tryiBg' t@ l@®&t« & ®©fy #f tMS' |®mrmal at tl® 
tl*® %M» faf«y wa® wflttem. »® afest»«t la gai«i®®l MM" 
etga»t8 4ii' m©t la®lmt« may ietatl® ®f th® metlot. 
A a®tteo€ @f ylsnal spettrograplii® aaalyslfi Mset oa the 
«x.©ltati®a ©f th® »l®#alar spettra Mas hew& «a®4 %y Fl®®-ardl 
iii-}. fk® «artli @xlft®g w«»i' @*®it®i im a ®p-@«ial gas flam®, 
fbi® ®«thofi was m®®€ Sm fa^tiealar f&r tte® ajppj?oxiaat® aaal-
jmmB ®f tlk@s® mitm' ©aftto *bl@l fo®g®®s®fi mm ©layaateristi® 
afes©ypti@m .sf«@ti'a> 
1. s®l@«ti®a ®f• i®tft®4 for Wmsthmw StMy 
the ®&oi«® of tto® ffi«tMo4 ©r t®®h»it«e f©? .fmrtlier stmiy 
was ®oa&iti0m@A friBarlly liy tto® f«at«r®» vkloh w®r» ©Qm«it-
®ret t© i® d®@i3?atol« f®3r tfc® ae^€® wMtk w®3r«' t© to® d®velop®cl. 
Ifees® w«rej 
|a| fh® rnethom ®h@ml4 he #af«^l® &t yieldlof th® 
analytical iafsMatlsm st«t®4 ta Part I tin-
troduotion). 
The method te® ®f g®a®ral affli®ati©a$ 
i.®., a pTOoefiur® defelopei f®^ the 4®t®imi-
a«tl@s ®f small amounts of ®amariwi ia aeo- •' 
should with minor chasg®® Im the m®as-
iuf@ffi«Bt of the physical or eh®mi®«l proferty 
IZ 
be alaptaljle for %hm a©ft®isilaatt©a ©f, say^ ®aro-
pim iM swaritn., 
I©) »@tto.©4e sl©mi4 pmt&T&hly &&•© aa ©xp^rimeatal 
®rr@r ©f ©r lm&, 
14} Tk® tia® r@qttir«i@at« p®r aaalysis sb©ml4 fe® r®®-
e©aabl®. 
(®} Oaly a saall asoimt ©f saapl® shotilt b®, r#qair^. 
A sttrT«y ©f tke •arl©ms a@tli©€s tisamsssi afe©*® iadi®mt®d 
that ©aly tli® l-ray, flmor«s@©att i«lssioa sp®e%ra Metfeots 
p©ss®sse4 a fair ©<apr©Mi8« of tM@ iesirafel® f®atiires. Wf&m 
thought tM® CTiissioa gp®©tra m@tlo4s r®f©rt@d im tto® lit®ra-
tar® wer® met satisfa@t@ry «itli@r fr©» tit® staatpoiat- ©f 
larg® exp®ria©jBtel @rr©rs or ©f ti®« ©©asiaaisg ©p®rati©as, 
this approach merited further stiiAy, maay re©®iit atvanees 
of teeteiqtt® aat iastr»®ntati©3i ia @ais0i©a sp«@tros©Ofy es-
p®0ially fav©r®t this sh©i@e. 
ftiriag the last ^ © i@@a4@s <jmaatitativ® sp®@trographie 
aaalysis ha® ahmadaatly pr©*®n its valii® f©r th® d®t©rmiaati©a 
of »all ait©«Bt® ©f iapariti®®, hmt its affli#ati©B to th® 
tmaatitatiY® 4©t@«iaati©m ©f m£t$m ©©m»tita®st® has '©xper-
iea©®d liaitst stmiy aa€ ©m@©®®s, ftoi® has h«®a 4m® primarily 
t© th® fast that th® ®j:p@ri»@stal- «rr@rs ©f speetrographi® 
aothods haf® r«aia®i ©©astaat, r®gartl®®® of th© ©©aoeatra-
ti©as iavolvei. A©e®r4iagly, @h«i®al a®tho4s hay® far sor-
passed spootrographi© methods la a©®ara@y for aaalyses ia-
v©l-riag the deteraiaati©a of aajor ©©astitmeats, Ih® limited 
s@©pe of applieati©a of ©heaisal method® f©r th© aaalysls ©f 
rar® earths has however favored ©ther physioal methods of 
IS 
m&Xf&im, A etttif ©f ©f ext«attag' 
®f 8f©®tTO^apM© %& tkm. tmaatitati-r# 4®-
teiTAimatieA of itme ®air^ wm %li«r®f@?® 
SlSS ii«^ i»y^lrttn. 
III. q¥AlfIfAflW ,Mll»TOi IT «A® 0f Wisiioi ^1§«A 
A, fli®©ye%i@al 
If 'Hm atom is im sen® waf ®©:ti»&t®4 hf tii«mal., yaAiaat, 
©f «3.e@t3Pi®a.a. tl® «rt®m» ®le@t»ae ar« t«s&®i int® 
thm &mt®w hii^mr m&mgy IsvmM of tii® &%m tkm ®3i@itatioa 
f@i?0® aad %km p@t«ati®l ®n®iiy ®f ^M.® atea, i® tfe®y®fey ia-
@r®a®®i. i&® r®tiafm ©f tl® ®i:®it^ ®l®®tr©Ji® tO' tM® l©w®r 
mmrgy IdY®I® ivsmits .ia tb®' mlmmt&m &t ira&iamt ®B®i7g7 
lif&t Hi®®® wawleagth i® tetemiaet tejr tk® mmmTgsr iiff®S'®a®® 
@f tit® ^  ®i®@tr©ai# «t«t®s fe®ti*e®m i^i®M tl® tyaaslti©® to®k 
pia®®. ^is %&mm 4iff©r®a®® aay fe® iBi.i®at®i fey m® ©qmatioa 
whmsm 4 : mmr§y ©f tit® atfw im mmsr stat® 
5, : ®ii®?gj ©f' tfet® atw im %jmm stat®-
/? r Pi®a®iE»® e©B«tsat 
y • fr®t»«a«y ©f th® light «iittet 
C z *«l®@ity of ii^t 
\ ; iiaf®i®iNgth ©f th® ligltt 
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aaalysts aaA laitoatad %hm @or»®-
l&%lm ©oaettatyatiom aafl. lia« iateasity. 
Pollok m& {ft| ^ mtiamst lartley«'s lawstigatioa and 
Fiibll®l®4 a 0#rl«s ©f.paf«ts ®a »• limm of ®X#-
aeats ia thm mp&rk m paWlshod a loi^ series 
of fafsrs Awiat poriot lit? to IftO »»t of wWob tealt 
witl the j>®r®i»t®jit aai m®!#- afflisatioa *1® sfeotnaa 
aaalysl® |§0^. 0® Sraaoat also first yrofosed tfe® «s® of 
etaatards p&otograpfee€ oa tl® 8«® fist® for •isttal @«fari-
son of r®3Lati¥® s%r»iigtfe of tto® spsotrml liaes.. Ia spit® of 
de ©remoat's teaoastratioa of ti© »alm® of ®p®#trei aaalysis 
for qmntitrntlrm aaalysls, tUm aetbots wer® 4Ssr«gari@4 matii 
K®gi«r®» liess aad stsmsoa (SIJ pmiilishet a amber of met&ots 
for tl^ aaaXysis of aearly p«r® »©tal@* ' ®teir work also market 
thm ^egiaaii^^ of sfeotrogpifM.® aaalrsis ia t&® westera iieiii-
splier®. followiag .this reirifal, Sfeotrograpki® aaalysi® ®x-
p®riea®®d ®a almost astTOi^Mloal growtb tmrimg t^e aext two 
4®©a4«s, l^is eaa® as a r®sml.t of ievelopaeats wliieii iaoreased 
tM® aoooraoy of th© metlot. ®ie f©r«ost of tlios® a&iraae®s 
w®r®s (a) tM® p®rf»©tioa of p&otosetrio teTiees for m®asuriag 
pho^graisiie lia® iateasity, i%) tfe® faa€aaental work ly 
Sorlaoli aat oowrkers {m, fi3, 64) oa t&e t®T«lopi®at of later-
aal staadart ooatrol of tto® eiioitatioa aat ptotographie vari­
ables, aad {©) tke tevelopmeat of raAiatioa soare®s oapatol® 
of prodttoto-g »ar® reprot«@itol® exoitatioa. 
1ft 
•®ii» Jpafli was t© a large ©xt®at «piri«al aa4 ae-
@@riiagljr tl® lit«rat*ir« ka@ abaataatly flll@4 wit& r®fer-
e»®®» a larg® array ®f 4iff«r®at ©acQitatloa »©are®s m€ 
a«tb@te ®f a»aly®l«, Maay ©f ttose liaf® merely %©eii B©41fi-
©ati©ttS la t®©lalqii« aM »etii©€, HajRrlsoa (SS) has |>oiat«d 
©mt tlat tb# fiiataa«atal baal® a®tl©4 say b« %TOt:®m ttp tat© 
tMe f©liowiag witsly €iffer®st bmt still ©l©sely r®lat®i steps: 
Cl| • Preparati®B of th# ©•amfle 
{Z} Bteitati©a of tU@ apmstTwrn 
{S) Msp®rsl9m ©f #mitt®t ratiati©a by th« 
sp«©tr©irapli 
14) fliotQgrapfey ©f tto sf®@trm 
(§) mtmmiik&ti&M. ©f imt®asity ©f tli® speetrm 
lia@® aat ®©rr#isti©a wltte, @©a©®atrati@a, 
fluat JBO saay 41ff®r®a*^ ®«%,taati©as ©f the ali«l®al, physi-
®ml.y ©pt4®al» aM eleotrltal -rerialflee iB tb® aMT® st®p8 bar® 
«s®A li&® l>®®a a ©lernr tl®t tier® is m© uml-
rtrsml m®ti>©€.. ®®tisfa@t©ry f©r all pr©1ilws. (I©ssiddrati©ms ©f 
f@xm, typ® aad aaewt of saapl®, s®asltivlty» aat a®®^aey r«-
qmlret tor® #oaf®.ll«i. .®ttt41®s ©a all tfe® mrialilestQ tetermia® 
tHe »ost satisfactory ©©atltioas. 
It was aot withla tb® ®®op@ ©f tils paper to tisemss erea 
smperfleially tb® aaay s©tb©ts tbat Mair® b«®a preposei, HoweTsr, 
a ftis@m6si©B 4«stgB®i. t© a©<iaaiat tl® r®ai«r witb the %asi® 
t®©baiqme®, a®th©d®, aa4 apparatms m®«€ ia ^ ® @xp®rimeatal p©r* 
tioa ®®«®4 appr©prlat« t®i) . 
If 
0. Mgfet .S©ttr@@® 
mml&Qtim Qf a smttstelt Is 
thm first step ia, a1i%-a#klat tli® of a nm aaalysis. 
Pi# id«al mmm wsvlM b© mm ia wM@h ®i)«©tral, lia#s of 
mmh 9Xmmt ia th& ©lenti-ot#® m %M 41s®liarf« mrleA ia ia-
teasitf wit^. @oa@@atrati@a mmMim ^  siafl® law (6f). 
®if@jptwat®i|r a® light mmm fmlfilliag fttalifieatioas 
km b»®a 4®T«l#f«d« 
f&« sputtjpal soar®®® tliat «« «ail©y®d tre msttallf 
wiil@k ptrfosm ttee f^@ti©&= of vaporiEiag «ttt ®x©itiiig par-
titalay ®®*pl«» la ao»t aad aam®r. 
Ifei® hm wmtmmlly 1®4 to a of li^t mmmB, Woat 
of tk»s«.p lowaT®®,. ®m hm gro-af©i late S saia ©la®s@si fa) 
flaa«g, fte) ay@«> aat C©l sparks, ^ l@fe ar® r»la'l®d in tb# 
saaaa tfeat, for "mmm, tlemal ®x@itatloa ia pr®-
toaiaatiag fastor ia th® pro4tt®tioa of tM© i^«®tra (S®# ®S# 
It fl^aaa 
Altfeoiiife flasas mm %Tm @laaai@al soaraas for spsatro-
grafM# amaly»i®» ^®lr soojp® of applieatios is ISaltai to 
ai^omt BS aleaaats wltos® afaetra ar® «xeit®4 by tli® r®latiirely 
low flaaa a® most taoaassfal aattooA of flam® 
aaal^ia is ttoat of tmaiogarib <f 1| ia «toi©l t&® saafla ia 
afwow aolatioa l« atoffli8«i iato m aira®®tyl«« or oxya« 
@®tyl«i® flan®. 
m 
B» Wimet ^ are 
ffck® ele^tari© ar®, h@mmm ©f Its teigii seosttiTity aat 
ir®r'8atillty of applieatioa. Is th« a@st wlitly ub®4. soar©@« 
It retttires ©aly a t-® power supply Mavimg aa opea omrreat 
voltage of at leaet 200 wits, a regalatlag resietaae® aat 
©leetroies for tie sample, ft® sample ele@trote» ar® g«t®r-
ally metal ®@lf eleetroies or graflit© eleetrotes whleb eoatala 
til® sample ia a ©avity. fiie i-@ ar# yields higher seasitiv-' 
Ity of ieteetioa thaa »st of the other sowrees for the ma­
jority of the elmeats aat is the wsat reaiily ataptahle to 
differeat types of aaterial |f2). for the aaalysis of re-
fraetory oadtdee, g®o@hwieal .spe®.i&eas» aa.d iaorgaai© ©hwi* 
eals it offers the hest aeaas of exeitatioa. 
®ie geaeral meefmlaess of the 4-© ar@ for aeoarate qmaa-
titative aaalysis is ^ paired, however, hy the erratieaees aa4 
poor reproduolhllity of the ar® tiseharge. A more detailed 
tiseassioa of the aro disoharge aa€ how it® oh|®©tioaalil® mri-
aMlities may he reiaeet will be fo-aai la the experimeatal ®ee-
tioa of this paper C^art I? 0|. 
S. AlteraatiaE ©arreat ar® 
this eour©e, first iatroAaeet by i3ttffea4a©.& aad fhoiasoa 
is tesigaet to OTeroose the aastahle ©haraeteristies of 
to® 4-© are. hat still retaia aAeqaate seasitiTity. It ©oasiet® 
esaeatially of a mQO to 4000-TOlt traasfomer eqaippei with a 
it 
varlabl® x®a@taii@e ®r fajriatei® i^sistaa©©, m h&th, to regmlate 
th® Qtttpmt ®arr®iat to 3 t© 4 mpe»®s &®mm m aaalytisal gap 
af 1 n. i®sfi, ®i® veltag® i# Sttffi@l®at t© pr®4m®0 ©a @a©l 
®ymXm m iomiziag wM®fe Im f©ll©w®i aa are mtll tli® 
gap vultitg® fails t©® l©w t® aaiatata tfa® ils®Mfg®. a® f®-
stiitiaf tisefearg® is amsM a®r# i-eiiafci® ttoaa tfe®' siapl® d-® 
ar®. 
fM® 8®iir®« ^8® ¥®®a afpii®€ t® th® moaiy®!® of ®®a®ti® 
lita®y« toi®l@gieal aaaiysla |73), aa4 ®:rgaal® aai .lt®airf-
®bwi®®i® |fi|. Im aii tk®8® «a®®s %hm &m -mm miataia«t 
lietw®eB Pm graplit® ©r a©talli® «i®@ts«S@e tl® 
sttfl® »imti®a h@.A %®« «ipaf®ifat®i. 
4« Aitegaatiag @arg®mt mpmwk 
Spark ©xeitatiom is p^dAoaiaaatiy ms®d f@r th® aamlysis 
®f aetais im wM®k th® m«tal s«rr®8 as its m& ®l«@tif©4e. A 
mp@Jtk s®**ff®® ®p®rat®s from a transformer' ®r ©tlier Mi^-T©ltag® 
@f 1©,©00 t® ¥©lt® wMi«l ©Mrges a smltatoi® @oa-
Aeaeer* fife® ®®adeaser tto@a 41s#Marg®» a spark Qirsmlt 
tOBtaiaiag r®:®i#t®m®®, aat th« aaairtisai gap. 
la orAiaarf- spark so^re®® tb® ©feargiag f@ltag® ®f t&« 
®Qateae®r ©taais th® tor®«M©WB v®itat® aaairfci®®! sap# 
tM® iatt«r %eii^ a«arly i«»atr®ilafei® aft®r tli® first s«-
q«®a®® of sparic®. M ®r€@r t# mmkm tli® .tiseiiargiag Tsltag® 
©f %U® ®®at«a®®r' iai«p®at®nt ©f @@atlti®as ia tk® aaal-
20 
f%iml M&W* a s|Taatooao«s-aotoi>-4rl¥#n (?«,. ff, f») ©r @1®#-
%2foai# |?f| iat«3prttft®r is placed ia th.-® sparlc aif^uit aa4 by 
aijmstiag tl® ptias® aagl© ©aly a 4#fiait® pertism of t&® sparlc 
phmm of' tfc® tisaharg# @x#it®8 th® aaapi®. Ia this Tmo&eT a 
&i^jly-repjr©imtitel« @oiitr@ll®€ tnp® ©f spark @xeitati©n is ©te-
taiii®t. 
The tr©ry natmr® ©f %h% ©©atroll©4 spark exeitatioa is ©oa-
diisiv© to greater a@©iara©y and raprottt©it>iXity. fli® aeenraey 
is W..gh. (a) sia©« @a©l spark is @©Btr©llei,. th@ total 
expostir® is a SMBiatioa of iie®terg®s of ©t^al ®x®itati©a prop-
®rti®®, MMMT lttB4r«4 portioae ©f tto® sa»pl® ar® ®x0it@4 toy 
th® large a«afc®r of iadiviAaal disoharg®®,. {q) ®rrati© aa4 dif-
f®reatial volatilizatioa is ®liaiaat®d# aa4 fi) tM® iaflueao® 
of ©a® ©l«®at ©a aa©ther i® saall hmmm tfe® ©oa®«atratioa 
of material ia tk® 4is©Mrg® is low ©ompari^ to t&® large 
aaoaat of «aergr availabl® 
^® ©h;i®f liaitatioaa of th® spark li® ia its low s®asi-
tivity as ©ompared t©^ tfe® €ir©@t ©arrest or alteraatiag @urr®at 
ar© aai the -iiffiottlti®® ©noomaterei ia thm aaalyais of powders 
aad soluti©as« 
§. Misoellaaeom® .soar&ea 
Besides the ©oaveatiottal sO'are®s disoaesed aboT®, tlier® 
ar® ®aay, ©tM®rs (SI). Baay of ttoes® ar® merely Tariatioas aad 
iioAifieatioas of th® ©oafeatioaal -so'are®®. 
A atiltioa to this list of somp«®« HHafthir of aisii-
tl©B ia a Wgfe.ly-fl.'®i:libi«, all-pmrpos® aalt eafatol® of p3?o« 
rtpiroda®!^!® tlsshartes ^©fp®s®atlag m a3*o«t ©oatlaa. 
Qmm gf«dttatl®a tmm arc-llls:® %q spai?k-llk« ©Mitatlom fS®, 
®, latwaal BtaM&M 
laply a#tli®is ©f ^aaatitatiir® Sf«etj^graphl© aaalysls 
m@m baB®4 oa"¥ari®as asliflsaMoas. of tl® .^a©ral pro®®<lttr® 
of ©stimatiag ,th® ©©a@@ntratl©a ©f aa ®lem#at wtmmX ©y 
fliotOBttrio ©oaparlsoB ©f lla® with a series ©f 
staa4aM sjpe^tra ia whioh th®: elsaemt was Tari®4 over a laom' 
yaag®. this ©©aparisoa or ©xteraal staaiara a«thoi has h®e» 
foiia4 ats^nat® for mmy aaalftl#al afflioatioms, aad la sq»® 
speoiml @as®s the ehfiolut® r®farotm©llility of imt@aslties has 
b®®]a sttoh that thi® aethot has apfroa©h®€ im a@@ara@y the mor® 
refiaed littemal stamtari aethoi '^l@h will h® dls®as®®i, suhse* 
qaeatly. Wqt ®ost afflieatioa*., however« ahsolmt® relatiT® 
iateasitj hav® sot possessed the teair^ 
tttOlbilltf for qmaatitatif® -mTk, ©erlaoh aa€ Sehw®ita®r (M) 
r®30^lz®€ that most of th® iBteaslty Tariatloas wer® as®©@i-
at®4 with flmetuatioas ia th® st®®^3?o^^aphle sonre®^ aat pro­
posed th® aethod of itttemal ©octroi, ais method was hasod 
on the oomparl«oa of th® iateasitj of a refer®®©® llo® of th® 
prioelpal or hael® eleaeat la th® material to be amalys®i 
with th® line of the eleaeat to be deteraiaed. A® originally 
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self alsojTftioa, aad aatwe ©f spsetral teims b®twe®n w&ieli 
tk« tmmitlom took pla#® to pifotmo® tM® llass, for oxaaplo, 
foster an4 lortom C0S) tli# boroa lia® at E49f .f 1 wfeioh 
artsos a® ^5//^ > ^^'/L ami for latemal staadart %hm 
gold 11a® at MMf *9 1 wliieb ari®®8 as &jth 
w®r® ar® lia@s aa4 both ®a«e« ia tie groaat t®m. Siao® tli® 
latter ®Mra®t®ri®ti@ aa€@ iotl llm®s safe4®®t to self r®T®rsal, 
a sfart tlsote&rg® was to r®€m@® %m r®v®rsal ®ff@et, 
A psrmsal of th» lit®ratar® reveals tMt ia maay appli-
oatioas of the iateraal staa4ar€ ooatrol a© atteation is paid 
to atoffli® origins ant parallel feeliavior ia ex®itatioa aai 
volatilizatiom properties. Ia those eases th® iateraal stand­
ard serves ©alj Im fixiag the geaeral iateasity level aad oor-
reots oaly for sash variatioas a® optieal aisaligomeat, exposiir® 
tia®, photoppaphie plate ©hsraoteristies aad developiag ooa-
ditioas. It should b® noted that at hest iateroal staadard 
eoatrol teads to oorreet for variablesother thaa eoaoeatrstioa 
hat the eorreotioa is i^t preoiself^ aoearate. A statlstieal 
stodj hj Tiaoeat aad Sawyer CSi| showed that the greatest error 
of speotrographio aaalysis is still to be foaad ia the exoi-
tation phase# fherefore, for maximm aoearasy, aa att«apt is 
made to redmee all variables to a miaimtia aad to apply iateraal 
staadaard ooatrol to oorreot for the residual variables still 
remaiaiag. 
S4 
la amalfsls %k@ imtsasity ©f 
tfe® raaiati©s ia a Sf©@trai lia® &t tlm rati© ©f iateasitiss 
is & Ml«©t@d iime fair is ©©rt@i&t©i mlth tli© @©tt©eatrati©a 
®f turn im th© sf«@tr«l e©mr®e, - Tkm fl@t©grapliie flat© 
is tto© a©«t' wit©ly iisei, »®4i«B f©r tto© m®ag«rem®mt ©f radtiasit 
«a®rgy, al«ioaiM r®©®Bt i®v®l©fm@mts ia th@ tir®@t fli©t©®l®©-
tri© aeasmrissat {Bf, ®S, ®i, »0| ©f sp®@tral liaie iatessity 
may smfereet® pli©t©grafby t© so»e ®aEt®at ia tl« tutwe®. m«m 
plot©graply ©f tk® ©|>®@%rw is Mifloy«4 it i® a©©®»sary t© 
4®t®rfiia© iat©o®iti®®'.frsa tt©: tela©&©aiag ©f th© fkotograpMet 
imag®. a@0oaflisto tlis witk th® a©©mra®y r®tmir®4 f©r 
tmaatitativ® aaalysis. tl© lj®st availabl© t®@toiqtt©s ©f fboto-
grafW© fb9toa®try :C91,|.•••«&€ a full tMaterstsadiag ©f tb© pkot©-
grap&i© proeass®® ar®-a®®t@i, (fij* 
®i@ qmaatitativ© 4®t©iBiiaati©» of sp@©tral lia® iatensity 
fr©ii th@ sp®«tr@gra»8 infolves- m«as-ar®ffl®at of tie deasity 
of tM® i»tet©prap.lie4 aiese pliotoaetrl® a®a®iir«@mts are 
mad® with S0®e fom ©f ai©r©pMt©a®ter wMi©fe measiires 
the mowmt ©f li^t traasmitttd tMroagfe th@ silT®r deposit of 
tb® iaag®. fli©t0§rafMi© 4®a®ity, is Q©mfmt®d from th®s« 
mea®Br«a®mt® ¥y tb® eqaati©a 1 s l©f wlier® and I, 
r@sp©©tively, ar® tte® iateasiti®® of light transmitted tlirotigli 
a olear, <ia®xp©8®d portion of tl® plat® and tliroagli tli® iaag® 
fom®d by tMe sp®etral lia®. 
2$ 
It is mafort^aat®, Mwemw, tteat tensity is not a lia®ar 
faaetioB ®f iateasity. r«lati#asMip %®tw®eB tk@ tm is 
m#st @©av®mi.eatlj @xfr«ss«4 If tl# M ant 1 ®arir«., als© eall#d 
th@ @toa©t«risti@ ant B/l#t J, mmtwm, Is a pl®t of i«m-
sitf ¥®ys«ts log ml&tlm imteasitf !)• 
7?e/a'/'fi/e. s/"ft 
/. £/*ta/s/otn C/torac'fet'ts'/'/c djrue^ 
laie basi® f©r tl« ali^irii aetliQi ©f plottiag plat# rtspsas# 
lies ia th@ faftt ttat %hm mrf® ototaiaM p@ssttss@s a lii^ear 
f^rti^a w]teo@9 stlof# i« @all@a tli# isna of tMe plat® mmlsioa. 
for mamj years ptotoaetri© a@a©mr®E®ats w®re r©stri@t©4 to thia 
strai^t lia® j^rtioB ©f t&e ®«r¥® aot relative intensities 
were ealemlateci by aesiaiag ttot log If 2 T log I, w%&m ^ 
was the slof® 'and ^ the ratio of the galTaaeaeter tefleetloa 
©f tke aieroptotometer f©r ttoe elear flat© an4 tHe liae image. 
Si 
B®fle©tloa f«ti©s were tlias a.s«i ia flat® of • iateasitf ratios* 
Moiera t#@teiqm@s, wJii®! f©se®ss wider ®©op® amt greater a©@m-
ra®y, ittfolLt^e tli® a®taal ©alibratioa of ti® pihiotographi® 
«amlsioB la t®ms: of r®lativ® iat©asiti®e, i.e*, tli® iet®imi-
natioa of tk® aetaal B ant D mwm, tbis ©aalsioa oalibratioa 
is mat® by iaijoslag os tl® plat®- a graimt®! s®t of lnt«asi-
tiee of tk® w«f«leagtfe of light b®iag aeasmr®i aad det®r«iaiai 
th® data for ®al©ttlatiai the deaslty by m®ans of a nioi^plioto-
ffleter. fk® gratmat®# set of iateasiti®# say b® prodaeed ia a 
Bomber of differeat ways C91|. ®t® prlBoipal »®t&ods «ttploy«d 
at tbe preseat tim® ar®s |aj a rotatlag stepped seetor (§4, 9§), 
|b) tb® as® of groups of iroa lia®» wtes® relative tat®asitie» 
baif® beea prevloasly deteimlaet ffi), aad {&) tbe two lia® 
ffi«tiiod of camrebill (97). liettoed fa) will be diaeassed la de­
tail ia til® experlaeatal seatioa.. 
Siao® tbe sbap® aad slop® of me eaalsioa ealibratioa 
earv® fary witb, wa*®l@agtb aad tjfp® aad eaalsioa, it i® a®®«s-
sary to detemiae tb@ abaraeteristi® earves for tb® diff®reat 
wav®l®agtbs aad types of ©aalBioa wbi@b ar® as®d.. ^® time, 
t@ffip©ratare aad ©baraoter of tevelopEeat also bav® slgaifi-
@aat @ff®@t» oa tbe ear*® aad tbes® fariables are pre®is®ly 
ooatrollod by apeoial developiag aaobiae® (f©)# 
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fh@ falii# ©f is iiaity 1® 00 atos®^tl©B aat l®»s 
taaa natty wM#a tb@r® is ab®©rpti©a, Bawawr, astemg as I4 ' 
is ©oaetaBt, a ©trai^t lla« <&f el@p® a is still obtainet 
wkm I^/Ig i® pl®tt@t as ©rtimat® aisimst @©a@«ntratl©B a» 
atoseissa om logarltlmi# §mpm, 
ai® ai®rophoto®®ter lata obtaisea ftom tfe® sp®0tr®graa« 
is is^tli® f@a ©f galTas@m®t®r i©flection® ©r per e®at traas-
Bissi©a f©r @l«ar plat#, ba0kgro«a4 ant sp®@tral lines. Tliia 
€ata is e©oY®rt«t t® iat#asitl®s ttoQmgl graplilsal ©©apatatioas 
toy m&wm tl® «»alsi@s ©alibratiea ©utt®* Tfe®se lat®asiti«s 
ar# relativ® aat aot absolat® iat©asiti#e| "bmt sia®® tbe rati© 
©f imt#maiti®® of a lia® pair is to to® A@t®xmia®d, tk® f©m@r 
ar® eatir®ly satisfaetory. iat@asity ratias ©btaiaad from 
a ®@ri®s of staatart SMplaa @f tai©.wa ©©mpaaitioa exeitei, aa4®r 
r«pr©itt@itole @@atiti©-as fi^vidaa tto® aeaessary Aata f©r pl©ttiag 
tl®30g Xa/Ii vb l@g Q oajnr®« f&« ©oaaeatratiaa ®f t&e ©l«aemt 
.ia a aaiafle is tbaa o%taia®t ^y ©oaTortiag mi@r©pMt©&®t®r 
tata tmm t&e awpl® iat# iatamsity rati© aat tkm detanaiaiag 
tk0 ®©at®atrati©a hy grapMaal iat@rf@lati©a ©a tb® log 
v» l0f Q @ar*©. 
at 
IT. mMMllfAL 
A» Afpareta® 
ffa® ^issi©® sp®©tra @f %h® mm ©ajptlis Mas ¥®©a g«aef-
ally ©liayaettrlzed as ©a© ©f extr«@ e®ajpl®xlty.. Th® mmh&w 
of lines olis©rT®d has of ®otirs© d®p@M#i ©a the tjp® ant in<-
teasitj ©f «xp08mr#. Yost aM Imssell (100), for ©xaaipl©, 
stat«t that a okaag® fro« @»@ ©©afigoratloa t® aaotfeer la 
gadolialm @aa gif® rise to 10,000 llm®s @¥«a if all sel&e-
tion rules ar® ©b@r«€* fiii® gr®at ©Miplsjfclty Wit® it is-
peratlve to aaploy a sp«®tr©-grapfe of toigb dispersion.. ®i® 
sp@otrograpte ©hos®® was tit® 3'a®©«Wa4ii*ortfii (101) gl-foot 
grating speetrograpl maamfaotmret by tM® Jarr®ll-Asli Gompaay 
of Boston, MassaoMmsetts., ais sp®etr@grap& Miploye t&® 
stipiati® typ® of moaatiag first smggestet by Wadswortii flOg) 
ia wbiok t&« anastig»atl#a is obtala®4 tteoagli illaaiaatioa 
of tb@ .grating with parall®! light* Sie ligM^ is r®ad@r®4 • 
parallel by a mmmwm mirror wfciiok r®®»tve® tie ratiatioa 
tm& tto® slit plae®t at tli® focal point ©f t&® mirror. Thm 
mirror tli«a reflests tfe® #Qili«at@4 te»aa toaoJfe to tM® gating, 
fb® plat® koMer i» maiataia©d ©a tli® gratiag aomal by lo-
eating it at tk® far ©at of tM« bar ©a w&i©& tk® grating is 
position®!. All at4mstm©ats a®®#fi®ary t© ©bang® th® waT®l@Bgtb 
so 
r®gi©a aM at. tli© am@ ti«» maiatalalag fa©iis a#®©'i?diog t© 
th& Wa4swo3?tb-fflKittatiiig grattag eqmatioa ar« aad© liy 
©ally op®rat#4, Ari-rss fmirnlsli®4 with the'lastfrneat* 
pl.at0h©M«# ao^«eats wm@ similarly actuated fey m@ma of 
a motor aeekaaiCT. A gear redmotioa aad gear sltlft 
m tie Boraal platt 4ri*r@ pro¥id®i a asaas for aaklag ^ ¥iag 
plat® ®sposiir©s at speeds of ®it&©r § ©r 10 laa per miamt©. 
•fhis feature was of great -rain® £a following the ooadltloas 
la th® diseharg® duriag'th® ©xsltatioa* 
•ft® S-iaeh diameter gratiag ms ral©4 fey ar. Wood at 
l"ohB Hopkia® 'IStiferstty with IS»009 lia®s per iaeh oa a highly 
r®fl«0tiag alt»iaim sarfa#® evaporatad oa pyr«s:. ®h.® oolli-
matiag airror ooasist«€ of aa almlnm •ooatlag oa a pyrex 
M.aa&.. 
o / 
TikB dispersioa of this lastrwaeat was i»l A/m la th®^ 
© ^ o . 
first order, a.i A/as. ia tfe© mmmmS. order, aad 1,7 A/sm in 
the third ord#r. lEh© sp#t%ral raag« whioh eoald he eoirered 
O O 0 
was froa 1800 A to 9S00 A ia th© first order, from 1®00 -.A to 
o , • o o . 
^00 A la the seeoad order, aad froa ISOQ'A to SiOO A la the 
third order* 
leoamse of the stigaati© featare of this ©peetrograph, 
lateasity ©oatrolliag deTlees aad diaphra^ for llsitiag the 
height ©f the epe@ti« eoald he plaeed direetly la frost of 
the slit. 
ae external optieal systea was desigaed to prOTide a»i-' 
fom illmiaatloa aloag th® slit length aad to aehieve maxliioa 
m. 
%y iniiirlag t&at tk® light ©atajring th@ slit 
w©ttia fill but aot ®X0®®4 th® ap®ytmr@ Qf th® ©©lliaatiag 
&%wmT @jr gratiag. th®8® TOatiti^as ursr® fulfilled by 
pl0yiag a 10, S m foeal'^leagtl, ®yliatoi®al qaafta leas with 
tfe® asis -rtrfeleal fla#@4 44 m tmm thm slit, aai a iO « 
f@®al-l®agtte «yliairi#al taarta l®»g witl aatls ^©rizoatal 
flaset iiir®®tly ia f»at ©f th@ slit^ Tkm lattar leas was 
ia00r|>®i?ate€ iat© tfe® rotatiag st®i>t®4 s®®t®y ass^ably, tie 
sestor dial: baiag lo®at@t lietw®®a tb@ slit aad th® l®as. 
fM® tw0 @yliairi®al loas®s w®f® ms@i ratfear tfeaa a siagl® 
8pfe®?i@al leas ia order tMat ti® light fill th® gratia® h®ri-
zoatally iritloat exeeeiiag it Tortieally. f&® satire® itself 
was §5 an twom th& slit. 
A projoetioa syst« was msed t© aii ia the preeise aliga-
meat ®f tl® eleetretes @a tb@ eptieal axis, fteis eeasistei of 
aa auxiliary splierieal glass leas of 10 m. f©@al leagtlh. aad a 
s@r®®a 18 m aa4 41 m. re»p®etiirely beto^iad %k@ s©ar®e eleetrodes. • 
f© projett the iaag® @f tit® eleetrodes ©a the sereea, a li^t 
prejeetiea deviee (103) ims »©aated ©a th® ©ptieal toeaeli If m 
ia froat of tie seiiree eleetredes. 
fh® retatiag s®@t©r asseably was ©f tlie triple seetor-
disfc type, i^e ©mter ria f@ra^ a stepped »eot®r taairlag rela­
tive exposiir® raties ©f 1.58©. fhe iaaer part was eat iat© 
%wi 98® apertares with aa iaaer •ariabl® apertare disk whese 
©mter ri® exteaded t© eover ©aly tolf of tie aperture of the 
other disk, A movable braeicet permitted briagiag aay of the 
3g 
p©rtl©as to tie opti@a3. e®at®r.. ®i© seetor was rotatsi 
hj mmmB of a 44§0 rjai a©tor, 
a® irater-e©©l@i ©xQltatloa st«aA was patt©mM aft©i* 
th# t®siga- ©f S^fiteasr aa4 fei-ltss (104), 
All #«p®a®ats of tfe#. external ©ptlisal Bjmtm laslmliag 
tfe® «jE.®ttatloa staiiA wer# fastemM oa tli©- sp®etrograpli ©ptl" 
©al ^ b®a@li wltb smitaM® •@arria.g«s. 
On til® tossls of th® Informatloa otetaiiiod from tte® pre­
liminary exp'@riaeats., m i-e are^ ©f lilgb amperage off«re4 eon-
Bid«ra%l@ promt.©.© as t.lie Uest ##mpromi».« of the sotiro© ©feara®-
t.®ristl0s aesir@€ for th©.8« analyses, . fti® pow®r 'sotxree for 
tfel®,d-o ar® w&B a ©eii.®ral ll«®tri® i W eompo-und-wooiia ge«-
®ra.tor. pow®r®t hf a S«B«ral lleetrl® ?-Morsep0w®r syaehronous 
»t©r. Tto® t®rmlaal Tolt«g® of tkis g@a@rator was a4|ast®t 
hf mmmm of a shaat-fleM. rheostat-. A ©peelal eleetrleal 
r©sistaae® mlt was d©sigtt#.4 aai ©©.astrmoted for tfe.® a4|ttst-
seat of til® ®^Qrr«ttt oatjpmt. f&ls ©o«si.®t«i of tea resistaao® 
mi%m aa€® ©f S/l# x ©.,008 iaofe 2tof®l ritoboa tr®slstam@® of 
O.ISS ©iitts/foot) wmwoM oa. thr®® slab® of 1/4 iaefe IKpaasite 
m@asttriJi^ I® 'toy 58 1/i ia©li®8, tt®®@ w®r® »ottBt®4 ia m 
ai^l© IroB ©age Si ia@h®® wit®, 19 la®M®» 4@@f, SO laeli®8 
ia. tJi® l-atk aa4 gl im@fa®s ia th® fromt, fk® eicl«s 
©f tte® ©age w«re eov@r@4 witl liar4war® ©lotSi whll® tli® slant-
i:iig top wag aad® of plypooi.. rat&er larg® eiz® of tli® 
ttait proviAei for atequat® spa®.imt of tli© r®slstors wteiefe 
Si 
feimittet air aifeuiafeiQa to pr#Ytat @v«rh«atiag. Gopel ri'bbom 
was Qhoam as tlie resistaase meiiim b€@aas© of its low t®apera-
tar@ eo«ftteieat of reslstanee, - Siaoe a teapftfature oliaag® of 
10® affest®€ t^«'-refiistaa©@ by Itss tliaa 0,Q8$ tbe ©liaage of 
r®si6taiL@®- of tlie resistors during 'aa eneltatloa was aegligibl®. 
©1® v&lMm Qt tke ImiiTliiial reslstaa©© uaits, th© wiring dia-
grsffi-bstweem • tlte maits, asd the fiisE-termiaal Glimit® rotary 
sel®0tor switelies that were- ar© latloated oa figure 2* 
file rotary switoli®s w#re astint-et om tie- slantiag pl'jwooA top 
©f tke tag©* Tk% vo-lta®ter, saaeter, and switoM were »omte4 
ia- a ©as© aat loe-ateA a#ar tte ©ftieml ben®!' f©-r ©oaveaieao# 
aad-for ®ase of observatioa ©f tlt« - ®l®©tri«al ©laraoteristies 
of th© ar@ diB®toarg® imr-ing t-li© e:K#itatioss« 
table 1 liiii#at«{® tb.« &m mmmts that were obtaiaed for 
the farlouB resistor ©oabiaatioms wkea asei la series with, aa 
ar© 'between 1/4 iaeb ®faplilte aM m applied, potential o.f 
2§0 Tolts * 
Generator 
12.5 
26' 
105 
:9l5 
Arc 
9.75 
3jO 
9.5 
_j L_ 
Fig.  2 .  Wiring diagram for  resis tance uni t  and nieter  box 
m 
Tmu % 
Qht&imA t&it W&wi&m »©®lstaa®e 
Wmit Switsk S®%tiag8 
Swit®h Settiag, 1 »lt®h ^ Eettiag S 0arr®at 
3 18 S.g Amperes 
@ 1 s.f « 
5 f 3.4 « 
§ 11 4.0 « 
4 f 4.4 « 
4 11 5.4 « 
3 f S.4 « 
S 3 7.0 « 
3 9 ?.8 « 
Z 10 8.4 » 
3 U f.O » 
Z ? 10.4 « 
2 s 12.0 « 
Z i 13.6 " 
z 10 li.5 « 
z 11 i?.a *• 
Wqt til® fi^@®ssimg ©f the eptetjpa® plates m AIL-Dietert 
ievelefiag »a®lila« ClOi) was *i®«4. la this maehiae ©oastaat 
t®Tel®pei' tmferatmr® (gl®0) wa» aalataiaet toy a themostati-
©ally-eoatfolled aagaetle ®0l4-mt®r sttffly valT®. A roekiag 
aeatoaaim ©a taait ©©atalaiag th« d«¥el®piag, hardeaiag, 
aat fixiag solatioa trays pr@Tiiei for aalfom @h®aioal aetioa 
over the eatir® plate sarfa®®* 
Aa ARL-Oletert Comparator-B®asltoaiet®r (106) was used to 
measare th® deasity of th® speotral liaes. la this lastrumeat 
a slit meshaaism soaaaeA the emalsioa sit® of the photographio 
plate# fh® light passiag through the slit was refleotet to a 
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ao»% <if ©alib^attoa tea 
'li»«#ja %Um «t«p-s#et@jr £«t'liiN£, tm tMs imtmsity 
latioa !»« b-<t«a pTOiaiNit toy mmm» mt a ».fi41.y 
&t 'tesw jrati® ia fTOSt 
#f « mlt&mity I3lliieia&t#d' sUt* Stat# tMm mmtk&i. 
ilft m% wmw$ iat«a»|%y th« 
tiMM &t mpesmo it ibme bmmm 1» tte &f tkm 
r«@ip»«4tf ImWf i,m,0 m&iprmitf mttmt wi t&® lat®jr-
lit I.. lsw#f«Ft It bmm mbmm W W«&i {Jl^l 
f@jr mmk malBim, Ant %M9m *ae* 
ist«d ft nf fteal |% m» fuito 
sftf® td 'iiXj^s«dr®8 as @OAtiaa-
wm mt^mw-ms, &i® fifettm«a#|r mm» «f t%i«t &rAmit &t 
M tMsUm' pmr 'S&w*v mmA ClOt'l hmm mkmm 
thM% tm Mmtmmm 8pm®%w^ tealFil# ». J, fla1fc»» s#st@ir»it®li 
&% SOC^ fl&ahm for siattt® 
wmm wlthta ilt« mmmwmmta^ t® 'to® 
®®if-®®'asl0t®ot «itb mrvm oUtmimmM hy %h@ inrmsm ^sfmsr® 
ff^®®ttir®» t&o teiag Wm mmt fm€mm%mt 
» tats ftteat tb® ot %km inatean 'fypm 
mulml©m @©aM h® 'Idoa-t®!! ta thm^ m tt m« 
mmm&wy to «^9ply •®if-«K»»»i«t«a@y t»»t« I® 4@t®f»la« tM 
«f jf««ifTO«i%y la* fatlw#® fat tkl# tamlsi©®, 
F3r@llaiaaiey %©»%» ©a t&® ttniif®imlty ®f illi»lsatiaa alaag 
%m m * silt 3.@afth «tj»s®4 toy tfc® m&%m iailo&t®# 
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®i® per 0®at traasmissioa of th® liO® apertijre was thea plottet 
agaiast the Ifi® apertmr® reading. ®t® prelimiaarj ©ttrr® ob-
taia®d is refreseated ia figure S. fhe fiaal «mlsioa ©all--
bratioa ourve was thea obtalaed from this prelimiaary oarre 
by seleotiag as ©rdiaate a per ©eat traasmlssion higher than 
may tt®ed ia the experimeatal work aad arbitrarily asslgaiag 
to it a relative iateasity of one* Tkm p@r oeat traasmissioa 
of a relatlT© iateasity of 1§«/Ig0 was thea deteraiaed from 
the preliBiaary oarve. the latter readiag was thea applied as 
ordiaate aad the p»r ©eat traasmissioa of a relative iateasity 
of (Ii6/ia0|^ read from m® earve# This prooess was ooatiaued 
aatil a per seat traaealssioa lower thaa aay ased ia the ex-
perim^ital woric was reaehed. 1 plot of this data oa log-log 
paper, with p«p oeat traaaalssloa as ordiaate aad relatlv® 
Per Cent Transmission (196® Aperture) 
Fig. 3. Preliminary Curve for Emulsion Calibration 
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B. Tungeten Lamp Preliminary Curve 
Method 
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Fig.4. Emulsion Calibration Curves for Eastman Type 3-0 Plates 
4M 
.imt^rrals., ®sfe@ialiy mkm tk& plat#s w®,r© aaamfa,«tar«4 
tiff®r«at • -MmlsioB. lot awBll®!®, 
fit®' <l@TeJL0f®r ttSiA • tMrorngteiotit tils iavestlgatioa was 
l&stmaa S-lf.- ®ie • a»4 tto# ®t tftwlopaeat 
mifomlF" aaiat&ia®t art 4 aiaat«8 r@sp®©tiv#ly. 
fh® platss mmm flx^ fa, lasteaa f-S, wa#fa®i for 10 aiamtes 
is a' flat® wasMer patt®ra@t after the t«elga of ?ifl®«nt taA 
•Sawyer aad 4rl@4 la a 8tr©8Eii of wara air. 
©• Fr«limlaarf lxf«rt*#at» 
la oMer %® Amel&p msttets of aaalysie of general 
us®fulB«ss, it was ii®©®«sa.ry to glir® priaarj eoasiteratioa to 
til® mkmiml ast phf-Biml tmrm .la whimh th® rare earth alx-
tttr©« mmm t© to® amalfset. W&at®¥er t&@ @'li®ffii®al or p^sleal 
fom ®B«omt®r®tt it nas p®s#i¥l@ to traasfom t&@ samfles 
lata soltttiom®, ••yarioim ealts» or lgmlt®t oxide®* Whioh of 
ttoe®® foms wouM %® most »aita%le was d©t@raiaet largely hj 
•oonsideratiom of ®as® of freparatioa of samples and aiapta-
feilitr to taiatitatife ©xeltatioa* 
la geaerml, salt® laT® aot b®®a fo-aat aiaptafel© to 
air®@t exelttttiOB* flielr %m ooadttetivity .lias 
fr©f®iit®t t&e as® of «•© arss or sfarlcs, while tfaeraal deeoa-
position in tfe® a-® ar® las pTOitt®®€ witesirabl® .spmtteriag 
aad ©jeetion of the sample fros tb® eleetrot® ©aTity*. 
44 
Methods ia wiileli solmtioma fl&mmi, ©r w&m sprajet into 
a spark diseterg® hsm fe©®a isserlbed (llS, 114). Several 
«a4esirafele features smeh &b tmqmmt hwmMmm of tk® 4ls-
s&arge Jets amt spray aorrogi,^a protol«g Ma*® aade tliis 
teetetQa® ratfeer msmitet t® large seale apfli@atlosa, 
®i.e eTaporatloa of solntioms oa graphite eleetroaes, also 
oallet iapregaatios teesaase of tJi® alisorbest properties of 
grapliite, was the teeteiciue m®et ly HopUss &md @o-«»rkers (SS) 
mS. fey Qatterer aai |§4) Im t&eir lavestigatioa oa tMe 
speetregrapMe aaalysls of rare earths by are exoltatloa. 
aaelfc ©lectrO'des geaerally Ma*© aot toeea fotmd susaeptible to 
preoia© t^*aatitatlire exeitation hj 4-e ere metl^ds beeause 
of m« wide flm»tm&tioiis ia i»i«»ioa resttltiag froa the aa-
etable soatitioa ©f tM# tise&arge* lb® failure of Hopkias 
aad ®o-workers to obtaia BmmBatul result® aat tie faet tkat 
Oatterer aad ^aaices mset multiple emoitatioas (f exaitatioas 
per eaaple) to oaaeel omt ttoe wriatioae fartlier attested to 
tke aeed of teTisiag a tiffereat teehaiqwe. 
Bi® W,ili-TOlt&#e, alteraatiag-eurrent ar® w^eitatioa of 
grapMte eleotrotea ln^re^atei i»itte solatioaa ftae beea sme-
eeeefally ased for the applieatioas meatioaed oa page If. 
f&e ase of eopper eleetrodes as a support for t&e eTaporatioa 
of solatioas witli sabsetueat spark exeitatioa was exteasively 
developed oa tae Maabattaa proJest (115). Smooessfal aaalyti-
@al mettods probably eouli k&r& beea developed asiag either of 
i 
% 
s  a  
fill 
4i 
Sf@8ial ©f plm. of attaeJE thmrmfmr® was 
t© «i®aiii# tit© fattow aff@$tlag th# large intensity fltttttt-
atioaa ia tl^® d-e a.m «s;©itatioa of rar® ®arth oxides aat t© 
develQp a®aas of :r«dut@iag %h®8m fariati©as smffisieatlj to per­
mit qmaatitatiT© ®x©itati©a. 
Hie iateasitj of a sp®@tral lia© iradiat©d ia a liot gas 
fitas te@©n d@sorib®d toy m eaEpr@ssioa of tli® f©m (ISl) 
-A£^ IKT 
A/a PA  ^ (6) 
-AEq/KT 
A/b ^ ) 
z ttoi® r@sp©©tiT@ iat®asiti®s of tli® lia® 
of ©leaemt to hm d®t@i®ia®4 <test ele--
meat) aad tl@ liae of th« iat®raal 
staadari. 
Z tk® res|>®®tiv»^ awateer of atoms/unit toI-
•wi® of t®st ®l«@at aad iateraal staadard. 
s t^e trsasitiom pr©¥ateiliti®8 resp®©tiv«ly 
©f traasitioms giiriag ris® to tfe® lis®® 
©f tb® t®®t oieM®ftt and imt®raaX staxidard. 
= til® r®«p@©tiT® ea®rgy diff®r®a®®fi of traa-
sitioa® girime wimm to iia®s of test eXe-
meat aad iat@raal standard. 
K s ioltzamaa ©©astaat-
"T a f®mp®ratttr® 
'W^ls ®xpr«®8i©a iadioated tkat aay Tariatioas tfeat affsoted 
th® rati© of %/% woald liaT® a ©orrespoadiag ®ff®ot oa th® 
iateasity ratio Ia tt® iateraal staadard method it is 
assaaed t&at ©oaeeatratioa is a faaotioa ©f t^e siagle variabl® 
aad 
wii®re J^^Jb 
a/A r ZV/ff 
Pa *• 
tA^'a 
4? 
tMerefor®, vaiflatlons ia 14/% %mm& %o r©4tae® th© aeeu-
rmj of th® a©t!io4. Also, aay vaxlatioa affoQtliii ^  womld glv© 
fis® to variatloas ia aat Ig. Slaoe la aa wneoatrollet d-o 
ar«, Mg, larg® 'raflatioas, thm problem 
was to r©4ii@# tli«s® flmotiifttions to a mintmm. 
ffe® tbemal pli®aoffi«aa la a d-o are ha^re b®-^ aalmly r®-
spoaatbl® for Tariatioae of %, %, ant 14/%# ®sp®©lall|r 
wite r©sp@ot to tlm«. a® @lea®at® toa-r® Toiatllizei from tli® 
©leotrod® erater la tb® or4©r of tli® boiliag points of t&e 
respeotiv® ooapomeats of th& saafi® aatrix tttless the 
•apor tsasiom aa4 traasfort frof®rtles of th® eleaeat to b® 
d®temla®4 aad th® iat®raal stamtard w«r® eqiaal, this frae-
tlonal Aistillatloa phenoaeaa ^ has pro4uie@4 larg® tla® varlatioas 
i» It s®®ii@t plawslbl® to «xp®®t that b®©ams® of th® 
similarity of th® fhysleal prof®rtl®s of th©' rare earths, the 
um of a rare earth as lateraal stantard wottl^ aor® so than 
any other oholoe, malatala ooaetamoy of th® ratio HA/»B Irr®-
speotlv® of Imstaataaeotts Tariatioiig of % or Wg, dm® to dis­
tillation. effeots aad t«ip©ratttr« •arlatioa®. Aooordimg to 
th® iat«mslty sxpressioas (6) aad |f} a eomstamey of %/%» 
uador Isotheiaal ooaditioas, womW favor a ©oastaat Talm® of 
th® ratio 14/% for amy partlemlar ©oasontratloa of A. Sine® 
th® rati© Ia/% ®orr®lated with ooaoentratloa la th® 
lateraal staatard »®.tho4,. it wm aatl®ipated that th® ©teio® 
of aaother rar® earth ifomlt @ff®etiT®ly rediioe ®rrors dm® to 
m 
tM# tia® •ariatioas of %/%. the of i^ether 
®oastaa@f ©f I^/lg was a®tmallj «aiotaia@i duriag exei-
tatioa was a@e@ssarily fo@tp©a«t ttntil a aethot of exoitatloa 
was d®¥ls®t wtoioh. f®ap©r«tii.ife Tariatioa® to a alal-
mw. 
AS& @x@itatl©a has b®ea shoi® to h® prfrdoalaaatly tliaraal 
ia eiiaraoter, so ©liaages ia ®ffestive ®x@itati©a t«®f«ratare 
hme mm@& ©oaoomltaat ebaages ia liglt eaissioa. fhi®, too, 
was ittdi®atei toy ©taatioas (ft) and I?). IM a d-® are the®® 
t«iaperatar« Tariatloas baf® b®em @aiiS@d aaialy toy waad®i»iag 
of til® oatkod® spot, wbiolt, aooordiag to os®illograpto.io mea®-
ttremaats toy Tiaoeat and Sawy@if flSl), w®r® a®®o»paai®d toy 
irregular Tariatioas as great as iO per ©eat la @arr®at aad 
Toltag® drof Hi®s® mriatloas teir® to®ea mlaiaised toy thm 
adaixtar® of ®uitable "sp®#ti^»@0fi@ tottffars" (125)* Tkm 
latter were smbetaao«s wltiel maiatalaed aa ar® of ooastaat 
stoaraoter aad wh.iQh aided la tfc© traasport of tto® sample lato 
tlie dl®0toar§® «oa® at a aalfoia rat®* Tke first series of 
exp©rl»®ats therefor® @oasist®d of aa iavestigatioa of tli® 
eoaditioas aeoessary to prodm®® a statoilized are asiag graph­
ite as el®®trode support for th.® rare eartl oxides. 
*Sh& tMree-pi®©® graplit® ©leetrod® ass«atoly ddseritoed 
toy Soritoaer and iorliss 1118)1 ms used ia all of tlie followiag 
©xperimeats, fJais ooasisted of a 1/8 iael upper eleetrode 
^attoode) tapered to a poiat aad tlie lower eleetrode faaode) 
4f 
o©mbiaati©a of two part®: a gjeaffeit® p®d®stal fast@a@€ la 
the oHeotfoie olasfs and tk® rnaot® oap- aomtod om t&e pe€@'S-> 
tal tMrotigM a tap#3p iriSlat la th@ ead of tMe aieoia oap. 
a®s® @l®@trot«s w®r@ ia®toia@t fwm. latloaal Qarboa ^apaay 
Speeial Speot^sooplo Grapllt® toy aeaas of a Jarrell-Asb 
Oompany ®l®@trode trilliag maohia® aad a a®t©r-iri"ren ©atter 
®oastru0t®4 la tli® aastola® sliop. Ill® alaotirod® separation 
was adjusted to ®xa@tl.y 4 mo witti tli® aid of tli® projeetioa 
Byst«B previously deaeritoed aad was saintaloed at tWs sepa-
ratiOB dmriag arolag by aeaas of tli® eoatrols provided ©a tfee 
exeitatioa stand. 
It was fouad tliat for ev®a stollow-oaTity eleetrodes, a 
18 a«p@r® d-0 are did aot provide elestrode temperatures liigli 
eaoui^ to vaporiz® a suffloieat amouat of the rare eartii oxides 
to maintaia a mifom, stabilized are. M aaaoyiag feature 
of tbis direot areiag of tbe oxide was tbe forMtloa of mobile 
beads of tbe oxide wkieb ueually were ejeoted fros tbe elee-
trode oavity durlag %hm exeitatioa. 
Followiai the smggestioas of ^uer (iB) a aiMber of ex-
periseats were tbea perfomed la tsteleb tie rare eartb oxides 
were slxed witb other setalll® oxides la the lope that the 
latter would support a stable are durlag the sample exeita­
tioa and aid la traasportiat the rare earth oxides iato the 
dlseharg® s&sae durlag the stable are period* Isseatially, 
these experimeats ooaslsted of prepariag 111 mixtures of rare 
earth oxides aad other aetallie oxides aad areiag these mixtures 
m 
im the followiag tw® tjf®® ©f ©Isetrotssi Typ& A, 4 am deep 
©a-rltf wltM mil tlitteees of 1 Wi| Tfp® 3, U mm Amp Q&rltf 
MITH'X/B » walls, 'fw«at^ aa4'ftft®#a allligr-aa @&®,rg©® w®r» 
ttsei for fjp® A aad S r®«f«#tl-r#ly. 
'A a@@#®sary reqttir®a®at of th®®® other metallle oxii®® 
w®r® that their •olatllitir at th® prevallimg ar@ temperature 
womlS h® greater tb,an th® volatility of th® rare earth oi:i4® 
is ©rter that the iasreased vaf®r eoaeeatamtioa ia the dis-
eharge z©a® ^ ml4 st«hllia@ the art* ®la@e the literatare oa 
hoiliag poiats of aetalll® oxites was rerf m®ag®r, relative 
hoiliag points were 4@t©mla-#4 hy th® speetrographi® method 
deserihed hy liehardsoa |iaE). A aimher of differeat laixtiires 
©ontaialag ahowt six to tea readily ohtmiaahl® oxld®s aad sev­
eral rare earth oxid®® w@r® prefaret aad 'ZQ mg ©harges ia. 
fype B eleetrodes were ar®@d at lf»§ amperes, Oonstant rat® 
moviag plate spestrograas ©f these ar@s were photographed aad 
th® order of volatilizatioa was thea tetermia®d hy Boting 
dmriMg what period of the ar@ the wrioms @lea®nts appeared 
la th® are as evidenced toy th® appear-aaoe aad disappearaoee of 
the respeetiv® liaee of th® elm®ats.. Ia this aaaaer all oxides 
of less volatility thaa the rar® earths were elimiaated froB 
fmrther stttdy« fhese iaeladed ®a®h highly refraetory oxid®s 
liJc® aireoaiim aad hafaim oxid®* Also ©xsladed from farther 
stmdy were the highly volatile oxides saeh as the oxides of 
arseaie, mereary, hismath, ©adalm, ^ ia®, gallim, antimoay 
SI 
611.4 l®a4. A amfeer of t&e oxiS®® wiiioli appeared t® pos­
ses® volatility wer® tli#a stiiai®i la more detail by 
aroiag lil miaEtur®® of tii® mwe ®artli oxides amd th® otlei' 
oxites at 1?,& amperes an4 pMotographiag sofiag plat® ©pee-
trof^ams at tte same tia«» fk® oxit®s stmdied iaolaaet those 
of aluffiimna, saleium, sti-oatim aa4 ma^aesioa. "Mi® majority 
of thes® smooessfally stabilized tfe® ar® bat the moTing plate 
sp@0trogr«®. reirealet that the major portioa of the rare earths 
w®r@ aataally irolatiliset isaetiately preoeeiiag mA auriag the 
hi#ily oa®tabl® sptttterimg aro following the stahle perioi. 
la other n^rAs, the «@r@ -rolatil® oxid®s were preferentially 
folatilizet 4ariaf the stahl® aroiag p®rio€, Wh®» the supply 
of the nor® Trolatile oxiie was exhausted, the aro heeame nn-
stahle toriag th® volatilissatioa of the aalor portion of th® 
rar® earth oxides, figure § iaiioates qmalitatively the vola-
tiliaation rates for almiaaii oxiie, oaloiaa oxide aad neo-
diaim mixtttres as iat«rpret@A frcm th© lia® iateasities oa 
the plate speetrograms., Sttoh a fraotioaal distillatioa 
was aatioipated tout it was hoped that the ©arrier distillatioa 
(118 J ©ffeO't wottld he i^re effeotlve in. -swetpiag the rar® earth 
oxides imto the disoharge zoa® during th® stable period. It 
was here that the shallow thia-walled Typ® 1 eleetrodes were 
iatrodaoed ia aa attempt to overeoae the fraetioaal distil-
latioa effeets hat a© impro¥«eat wa« obtaiaed. laoreasiag 
th® eoaoeatratioa of the other oxide® ap t© 80 per o«at oaly 
Arc Became Unstable Co 
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Fig. 5. Volatilization Rates for AI^Oj,CaO, and Nd^Oj Mixtures 
ss 
proloagtd %h@ stafel.® mm pmsi&A wlthmt sifaifieaiitly 
th.® aot©4 aljQV#, 
Slffllla# vmm %km out im wliitli ®Ei4®« 
@f ©nXl- 8ligh,tly fr#at®i? volatility' thaa tM rar® mwths w«r« 
msei. Oli3r©al© oxia® aa4 ai«k«l oxM® fli§) w®r« 0h®s®a f&r 
®xp®xia®atst l% was hi©,p®4 that a balaso® of ar® fitabl-
3Llzati©a aai ©ttf^iiaatloa ®f tistillatloa rates ©ould t&ms b® 
®btala©4, .4 stuay ®f tlie soTing-plate speotrograa® 
sli®w®t ao' slgalflaaat impmrmmt Qvmr the fra®tl.©nal distllJLa-
tioa 4®f©ots* thi® not ©laetfoies served 
a© a tym® .tlstiilatloa mlmm m&. th® earrl^ dlitillatioa -®ff«®ts 
w®r@ asgligitel®* 
failmi*® to obtala mmf i®g*®« of sumemM with tA® »sp®0tro-
saopio buff«F*» afpTOa®ii to &m stabilizetisa to tfi® ms®, @f 
a aixtur® of tJi® ©artli ©*id«® «a€ finely p®wi®i»®il gmph-* 
it® |7E) lop® tbat i-'tAuetloa of th® oxid® or th® in-
t®rm®diat® .fematioB -of ©arteii® fellow®!, hj tli® tlitrmal Aecaia-
p©8itl®a ©f tfe® l«.tt«r mmM torn, th® mom rsatily Tap©j?ls©4 
rare esrtti mttals. "Bi® initial ®xperlm«Bt oo.iisist©d of tfe® 
srting at If.,5 ampere® 9f 10 ng of aa aparoxiaat® mixture of 
Itl a«©ty»lw oxl<i@ aM S0O *esli grashlt® la a Tjpm B 
•lestred®. fill® prodiie^t am iir® ©f tli§, teslred stafei© ehara®,-
t®ri Stoort m&m eMaegea ia th© «r® etarrtat wer® less tham 
0*3 aaptr®® whil® th® v©ltag® dr©p fliiatmatioas .woross th® 
®l@etP04®s wer® of the ort®r Qf ± i Tolt® ®m ». total Toltag® 
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iaterrupted type ffioviag-plat® ®p@@trograms were plotograpbed. 
It was' mt possible to ose tfe© eoasteat-rate moTiag-plat® 
©peotrograas for photoaetri®. meas'ar«©mts teeeamse tie vibratioa, 
of tlie flat©-so¥#meat aotor geaeratet eaoagh Tita^atloae la the 
speetro-grapli to p-roAm©« lll-4©fiaed, t^zzf traelags. ^©®« 
traeiag® w®r® qtiite satiBfa@to.ry for Tlsual obserTatioas,. but 
were not smitei for photoaetrio m#agttr«®iits. It was possible, 
MoweT®r,, to rao.k th® platelioId®r la S TO steps at regular later-
vals-. by tMe aomal plate drlf®, ®ls oferatloa reqmlrei ©bomt 
2/4 seooMs. • , speotrograss obtaiaed la this way iategrated 
tbe lateasity ratio for tbe seleeted time iEter-rals, whleh .were 
"osmlly § soooads, bmt were oeeasloaslly varied to iaterrals 
•whioh would yield liae lateailties wliioli ©ould be aeasmred witSi 
tie deasltcMieter. Tk@ liae pair ©iKisea for aeasiir^aeats was 
tb© smarim liae at t and.tbe meodpsiiiM. liae at 
44S6»®il. 'iTk@ prooedares »s®d ia seleotimg smltable. lla#. pairs 
will tee disoussed ia detail later). Bi® per oeat traasmlssloa 
of tie liae® were read oa the deasitoaeter, the relative la«. 
teasitles detemiaed froa tbe obaraoteristlQ eanre aad tbe la-
teasity ratios %h%m salemlated. fhe data froa fomr smo& later-
rafted msTlng-plate sp®@tr©.gr«8 were ©oablaed aad plotted. 
Tlie &wfwm obtaiaed is reprodaeed ia figure It was sarprisiag 
to fiad sttob a large obaage la tbe ratio darlag tbe first-IS 
seooads. Tkls Tarlatioa was aot oaly sboiwa by the liae pair 
plotted la this earve bat also by otber pairs, so apparently 
56 
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Fig. 6. Variation of Anolyticol Ratio with Time: Samarium in Neodymium 
o Plote 3393 
Plote 3397 
-o 
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Fig. 7 Variotion of Analytical Ratio with Time: Europium in Samarium 
if 
tk# rati® (s®© ©quatloas aM (fl) was maa@rg©iag 
a ©Maag® pi-egamafelj tlromgfa tiff©]p®at mtms of vapori­
zation @f tfe« saaarlaa aad aeoijaiaa Auriag th® iaitlal period 
of tifc® aroi«g a 4lssiailarit|' of bebavlor of 
a®ar aeig^feors ia tl® gromip wa® ia«xi»e®t®4. If the Tapori-
aatioa toad leea pmreii^ a fr@®ti©aal tistillatioa a ©oatinaoas 
iesreas®, witMottt tfc® ©tos®rr®4 iaoreas® l^etweea 40 aad fO 
®e®oads, mMuM Mve r«8iiit®t. fto® iooreas® oouid hair® origi-
mat®d either hj as ia®re@s® ia the TOporiaatioa of th® sa-
marii® or a 4®®reas® ia mporiaatloa of th® a®od;pal«. A 
@oa®®iir®hl® aeehaaisa ®ff®r®d for thos® ®haag®s ia Tolatily 
was that the reaetioa la the eleotrod® eharg® imf haw® ia-
irolTed aa iaitlal r®dtt®tioa of the rar® earth oxides to metal 
aad thea ©arhide formtloa followed hj thermal deeoapositioa 
of the latter to metal aad earhoa. 1 differeaoe ia the rates 
of aay of these reaetioas maj have o©®asloa®d th® ohserved 
•arlatioas. 
Similar exp®ria®ats wer® als© performed oa samariirn oxide 
staadard® eoataiaiaf aad Q,B$ ©aropitia oxide, fwo lla® 
pairs. Sail 4l2f.f3f t/ mil 41S3.171 1 aad lall 412i.f37 1/ 
m%I 41.Si.gl5 I were lavestlgated. for hoth lla® pairs aad 
hoth ©oaoeatratioas, aarves of the same eharaeter were oh-
talaed. fhe ©urv® for the 0,S^ sa*pl® aad th® lla® pair 
Ittll 41gt,f3f 1/ ^ 11 41S9.gl§ i Ifi givea la figure Ito® 
varlatloa of th® rati® with time was qalt® aaliJE® that of the 
pi'eviotts experimeat aa4 apffoaofeet tli« b^&aTlof wlileh was 
teslr®i aa4 ojrlgiaaHy aatioipat«d, 
AlthoiigM litt®asl%y rati® ®toiig«s twimg %U® mx&l" 
tmtim w®r® foaaA to gte&tmw thmm ©rigiaally praferrat, 
egp®0lally for %hm mmm of fila/li, th® fast that th® iatensity 
ratio Ttrsiis tia@ ottrwa ©owlA h@ reatiiy r®protm®ei fro® ®x-
fosur® t© «:p©sar® iaiioatsi ttoat tfa# iatograted ratio for 
aay ©©-aoeatratioa shomlA slow siailar reprotosibility. ©lis 
was sh&m to hm trm® fey aakiag a mmkhef of r®fetitiv® <«-
posor®® of tto® istamdaris as®t afeov® aad oalomlatiag th® tevi-
atioB trm tfe® moan, lattar was fom^ to te® arotiad 3 to 
4 f®r ©eat aai t&«r®f®r® low aaoi^ to warraat qmaatitatif® 
oaIil»ratloa exp@rijft®&ts. 
D. B©t»miaatioa of Saaarlm ta Keoiymiw 
I, S®3.®Qtioa of lia® gaijg 
®t« s®i®eti©a of tfc® lia® fairs for th® 4«t®miaatioa of 
imall Moaat of a rar® ®«rtli i»fmrity ia aaotl^er rare eart^ 
was r®a4er®i iiffiomlt W Mmrmml fastors. ffe® lia® iater-
fer®ao®s rosaltiag froa tk® @xtr»®ly ooaplsx spaotra oa the 
oae toand restrietet %Um aumfeer of lia®® of %h@ impurity wlaioli 
©oult to® ms®i wMle tie distritomtioa of tl® epeetral eaergy 
feetweea th® 1st aa4 Ilat sp«#tr«» r®€m@®i tfe® absolute s«asi-
tivity of tto® reaaiaiag liae®. 
m 
ffli® for' tk® imf*ir4ty Use #f greatest semslttirlty sad 
aot sub5«#t to iiit@3?f®r®a0© fr* %hm aajsr mmtitmrnt wa® 
mat® hj tk®- syetiimatS.© ae« ©f iterlKastt tiaplirapi sp@©trogiram» 
aoi th.® pttljllsb®4 waTeleagtb table®.. By pliotograpMag' tli-e 
speotra ©f t&© f©llowiagi -U) ©f .-pttr® rare eartM A,- {i) ©f & 
syiatketi©' stanaarA aontaialag a 'laiowa aroMut of rare' eartb 
B'ia 1, {3) ©f th® pur®-rare eart&'l a»€ |4^ tb© ir©ii. ar©,' 
all tb« latense lines of jtopuritf i subjest t© lnterf©reae©• 
from the major ©oastitmettt A @®iiM readily be ellsiaated. 
tiffereatiatioa ©f wMetber a weeic lime eoiaeiteae® wa® ia® - to 
a mmmk liae ©f A ©r a resitnal lapmritf ©f B im A was mat® -by 
N 
©©asttltiag tie wmmlmsth tables pmblishet • ia the literature 
(124, 1S8). Bte lr©a ar® spe@tr©graa peraittei ea«y wave-
lea^tli eal@ilati©as by iaterf©lati©m, 
Tt@ moBt ©easitife sam«rim lime whielt wa® net eliaimatet 
© 
by Be©&imim line iaterferea#® wmm the line at 4^3.384 A tue 
t© singly i©aiz©d saaarim. It «©mli ha^e beea desirable to 
ehoose as as iateraal staaiarA a liae of siagly ionizet He©-
•dfmiM but it was ae©es«ary t© mm mmmk welaesifiei lises of 
aeotpiiim ia orAer to eeleet a liae of m isteasity iater-
mediate to the latemsity raage soverefi by the saaariw liae. 
Therefor^ it was iapossible to eeleet with oertainty a liae 
of Biagly ioaiaet aeoiyaiwa. Ia order to redaee the effeot 
of variatioas ia ©Eaalsioa resi^ase b©th as to wafeleagth aa€ 
iatooaogeaeity of the iaalsioa ©haraoteristies over the plate 
area, the ehoiee of the iateraal ataatard was farther restrioted 
so 
t®' a nm§,fwd.im llji®. wiiQs® 'frnvsleagtM was wmmmmablj a©a? tfee 
s«arii« iiii®, ®i® Ila# ttosea ms %lm me^dpiim lis© @alom-
lat@i t@ he 44S6.S4 I aai l®rtffaa (116J a® 
4€S«.@Si %, whiQkt aft®r applytag lowlaot ®@7]r®®ti©ii., gsT® 
© 
44i#.i@ 4« 
1. tttTOtltatlv® oalibratloo® 
Sfaa senAyalw ®xM@ m«@t as hmm® ia tke praparatioa of 
»%m€ms€m wa® a f©i»ti@a ®f %hm kigh fttirity f«i®tl©as 
i®@ia%®t by .r®®ia*®#lwa iGm@M®*ati@a .(1, a). 
&li aamfl® m® t# tomteim 1®®® sasairim thm tl® 
Hllgeir-»s. Sp-«®-tr®»@©pi@ally Stamia?im®t a®®t|^iwi ©Jtl4® 
far®4 fey ir, fraattl. ®i® asaajrim #xl€e as®€ was als® is©-
lat«i toy i?9sia-#®l«wa f:raoti®ii«ti©a (1). %®®trog»plii® 
analysis ®f %M» saafl® tte® fi-atiat® @f < 
®»®fim aa€ < salaiwi as tli® oaly sigaifisaat i«furiti®s. 
Twmntf ^ ©f tkl® ©xid® wai ai»s©lT®t ia hytr©@Ml@iri0 a©li 
aat 4ilat®t t© »*a®tly ES0 ml* Thm staataM® wef® tli®a pr®pay©4 
toy tia«©l'riai teom wslfltt® ©f a@©tymlw. ©xit® ia ^  lytro-
©Ml©ri# a@i4 aat ttaea atAlag to tfei.s solatioa, ly, aeaas ©f ©ali« 
teatet fifatt®®., toi©wB -rolwies ©f staaiari saaariffii e©lmti©a. 
'tt® ray# #artl® w®r® tb®a pr®@ipita%@a tj aiiiag aa exeeae of 
aMsaiaa hyiroxit®, aafl thm Myte©xi€® filt#r@€ off aat.igaited 
•fee oxid®, tee feaadred sg eaoto of Etanterds eoatelaing 0.80, 
0.50, 1.0, g.10, aad 5.0 per ©©at aamarlua wer® prepared, 
f&e igaitet @xl4®s wejp® t&ea mix®# witk aa @%ml w®i^t ©f 
SI 
20G m&gtk Migh-'prnity pmd&m4 grapkite toy gpiaAiag f©i* s©*®apai 
»lamt®8 la am «fat# is^ytaf•,. A wa%@h glass witli a bl©ifa ®ff-
«®at©^ fma@l iol® was tts^A ta traasfe^tag atxtw« tat© 
©l@©te©i# ©a*ttf» 
m© o©ait%i®as wMt«M w®r® tt®®d ia tli® ®alt-
lTO%t©ii exftfia®®'!# mm to®l©*f5 
ll.e©tr©a©ss Tyrp^ 1, .shallow thla mllai 
©®af©®iti©a of sample J 1:1 rare earth 03Et4#-gl»fhtt« 
mixture 
Weight of charge: 15 Big 
Generator Voltage: £50 volts 
Aroiag Current: 17.3 ± 0. S aji^erea 
foltage Amp aoross electrodes 
during aroiag: iB± S *®it« 
Photographic Plate: Eastern Itoe III-O 
WaToleagth Photographed: 4OOO-4®0@ 1 ("fe® 10-iaoh plate J 
Order # ted 
filter I toraiag #774 (tOg^remmm Srd 
order EOOO-3000 X) 
Slit.s ®.©f am ^ « 
Seotor Apertaresj 1«®, §«.# aad §f® 
Exposure: Batire exoltatloa 
JMatioa of Ixeitatioa: Uatil eatire sample was 
•aporized aad <^otted 
Developer: laetmaa 0-lf 
'Wmpomtmrn of deTeloper: Bl°c 
fin» of developieats 4 miamtes 
fh# »ead poiat^ of the exeitatloa, i.e., whea all the sample 
had ' .-raporim^, was readiljr deteotahle hj the appearaaee of 
the 'tiastahle,. hiss.tag. ^ ar# em.€ ms also imdloated hf a sudd'sa 
drop ia th& aro emrreat aad aa laorease ia voltage drop ao^ss 
the eleotrode. 
jiaplloate exposure® of' ea.oh s'taadard were «ade ©a two 
differeat plates. 
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m 
tMs #®rr@©ti©m %q ti.e a.ppar®at 
"wmlma gave tbm -ealitefatisa mrwm in figare 10. 
ffe®®# ®a3.iiirati©a wrnm mM with %hm met 
#air»fmi Bim@e %hm 
rnrnl staatftrd wm tesiiaei t& mMm %© a nial&m tbe 
®f •aQ#ii»tttal ®r remAm. ®m&m^ sm@ii as ligMt a&wtm 
tlm%m^&m, 4miraM©a &t %h»^ staU# %Tmm im wdigbi^g 
®a& %T&mtmx3:iMg #f tkm @a»pl® Ito. 'tb« die®tir@€«, 1% was of 
interest t@ tete»lae b»w effeotiyelf tl^le mm aeeomflisHet. 
Several @f tfc® irarlateles, maaelfi are emrremt^ weight of saaple 
©barge, aat f«r oest graftal t« a Wei t© tk« rare eartfc oxiies, 
were iailTltoally ©.liai^et raages eoasliera^lf greater 
t&aa ortiaarilT Imtrotooei toy raaAom or aeeiteatal errors. 
It wae reaeoaatele to -^peet that tie mmmAmry mtfmts of 
ohaagiag tlie ateove variables *«M iastitmte ©liaages greater 
tMaa ta.os© aomaJlly ea®©-«at#re€ is t&e effeotiire exoitatioa 
tf»pe;mt»re, eleotrode teaperatmre, tarstloa of sta%»le are, 
rates of imforiaatioB, ast rates of the efeettieal reaetioas ia 
the samfle eterge.^ ,^lile 4» §, aai i,. aa4 t&e earres plotted 
ia, figures H, 13# iS 8«Mirisie the 4ata from triplieate 
eacposMTee for eaoto &t these experiseat®. 
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obtaimei toy ladepeadent metbots ©f ©aalysls. mie iaexisteae® 
©f a»y ia4@i®a€ent a®tli©is, ii#w®v©r, fi?®elmd#d this method of 
rwsifimti&m, a«xt h®st apfa?oa^, th® so-salled 
reooT®ff exp@rSm®at aethod, iws th#r®foy® ms®d, fhi.® ®oasist®d 
of adtiag icaoim «©mats of saaariao t© portioa® of pr®Tlomsly 
aaalysed saafl#® followed hy jreaaalysi® of the impregaated 
fortioas. fahl® f mwBm&rizmB the resalt® from a series of tea 
reeoTery experlseats, Mflieate deteroiaatioas were made for 
all aaalyses. 
Aa 'iadieatioa of the pre©lsioa of the m®asiir«©ats was 
showa hy ^® average p®r eeat defiatioa froa the aeaa of th® 
©alibratioa data tahalated ia, table S. Mditioaal data for 
d®t®rmiaiag the preeisioa was aoemwlated by .exposiag a repre-
seat®tif® sample ia daplieat© oa .aia® differeat plates. These 
expoeares were distribated over a period of abottt three weeks. 
fh@ data froa these a®asiir«eats ar® SMiarized ia table 8. 
Siaoe the exposar® or exoitatioa phase has beea oae of the 
©hief error prodaoiag operatioas ia speotrographi© aaalysis, 
the sigaifioaat iaerease ia the pr®©i®ioa broi^t aboat by 
Bakiag daplieat® expoewres was aot sarprisis^. 
fh® method deaeribed above ade^aately falfilled th® d®-
sired repressed oa page 11. fhere wa® a© reasoa 
to believe that this teohaitae somld aot be adapted to the 
aaalyeis of other parified rare earthss this aoavietioa was 
sabstaatiated by the saeeeeafal adaptatioa to the aaalysis of 
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smmTim oxld® d#®«srib-@4 i» tUm s#etloa. fh® ©xperl-
®®atal srror was sM©TO t© he less thaa tow tmplieat® 4®%«r-
mtaatioms. mw ordiBary fraeticaatloa ©©atrol tk© pr^elsioa 
©f @r®M l»€ifl4«al d@t#3eaiaati©a was Qonsiieret a4«t^at«. 
Hater aoimal. ©perating ©oaiitidas,^ 4 aaa-feonrs proTidei ade­
quate ti»e f©r all operatioas aeoessary for siagle Mialyals 
of 1§ s«pl®® or daplleate aaalysea of 10 samples. sampl® 
r®qmir«®atB were reasoaablei oaly 10 ag were required for a 
eiagle aaalysis aad afproximately If mg for tttplieat® aaalyees. 
1. l^teimiaatioB of laropiia ia Samariim 
1« geleQ'tioa of liae pairs 
Preliffliaary inveEtigatioas oa airailable earofiom liaes 
iadi@at#4 tli® desirafeility of asiag two liae®; oae for the 
ietermiaatioa of emropita at aoterfitely big^ ooaeeatratioae» 
aai aaother for the deteraiaatioa of e^opim at aaxima* seasi-
ti¥ity. the ®*«POfiMi liae at 41gi.f3f I, whieli origiaates from 
eiagly ioaizei earopim, was aimirately saitei for the detejcmi-
aatioa of earofiam oxide ia the raa^ 0.1 to- la this eoa-
eeatratioa raage the liae exhihitei saffieimt iatensity to 
pemit the redmetioa of the ©"rerall illtmiaatioa iateasity (hy 
meaas of the variable afertmre seotor) to the. exteat that a© 
haotegroiiad eorreetioa was aeeessary. fee logioal ehoioe of 
the iateraal staatard was the aei^horiag samarim 41gf.SES I 
79 
iia® siae® tMs lis® oalj sliQW-et optiiai® 'imteasitj but 
fortuaat©!^  algNa origiaat^ ed from %hm slmXj ioaized atoa. 
For «soae@iitrati©BS below 0.1^ . suropian oxii®, tkls samariiM 
liae was too imtease f©r iateraal staadard oontr©!, Ia fa©t, 
at th® M^ «r iateasitj ©f ©xposmr# re-qmired for the lower 
eijropiwk eojaceatratioas, tk© aspss^trio pro4u©©4 
lay this saaarim liae ia th@ vioiaity of tk® ©mropim Iia© 
rendered tii© latter mstiita^ l©. fh# airopim 4ia© fount more 
suitable for tli© higli sensitivity fi«t«rmlaati€>a© was th® n®m-
tral at« lis© at 4i2f,ia2 t# tt® samarim Iia# at 462g..?f4 t 
was s®l®@t®i as the iateraal staa4ar4* laafcgromad e©rr@etioa 
was s@o«ssary for toctfe iativiiwls &t tMs lim® pair. 
B* emaatltatjye ealiteratioae 
saaari'tm oi:id# msei as a teas® for th.® preparation of 
tk© sj^ tlietie staaiari® was ofetaiaed fr®m tli» pur# fraetions 
ifs©iat®d by tlie r©sia-'e©l«»» fra0tl©aatioa t®@teiqii® {1), 
This eoataia«i ©aly a tra®® of ©uropinai siibBeqaemt residual 
ietermiaatloa hy tl© graphieal metl^ od s'Im3w@4 only 0,0135^  sm-
mpitm oxiie still r«aiaing.. The standard solmtioQ ©f attropim 
was pr©par@t "by dissoli-ing gS mg of pmr® ©uropiw oxid« la 41-
Ittt© ^  byiroehlorl© a-© id aat iilmtiiag tie solution to ©xaetly 
§00 al, «mropi* oxld® was ofetaiaed from We, Speddlng's 
©olleatioB of rar® earths-, fb® stasdaris w©r® prepar«d in 
the same aaaaer as desoriled ia s@@tioa If, D-S, page §0, fbe 
fS 
states of staatarts w«r® pr@par®4 t# mmtmlm 0»0ia§, o.oas, 
0.0i, 0,10, O.SO, 0,i0, O.ti, aa4 1.§S|I ®mropl« ©Jcii#. 
thB «xferl»®atal seadltioa® whl®li w@f# used ia tli#. 
o 
@@llferatl#»,«p®ria«ats for the lia® pair m 4Sg?.lEg A/ 
an I w@r® i4@mti@«l t® ttos« %atottlat®i ©m page SI 
exuept tlat tb« w&rmXmmth rmglm pU<Qtm&ta.pkm& was Gbaaged to 
4S00-4iS0 I. for lia® fair mil 41gf.fS? t/Stell 41Ef.EE§ I 
®@Qaiti«>a© again w®r@ id®mti<ial to titers® tatelated pag® 
SI •x©®ft mat th® s«@t®r apertar® was ®baag®t t® 4®. ftifli-
®at# exposar®®^ ®f' tfe® staataris w®re re®©M®d oa tw© 4if f ®r-
mt flat®® %h@ iAt«msit|r t®t^aimatioAS m&&@ im th% m%&l 
majm®s» Tkm f®rtia^ t data for tb® two lim® pains is sma* 
rissd ia tables 9 and 10. 
It, was kM&m tliat th® toas® sanariw ©xii® ooataiQ®t aa 
mfeiom residttal e«»fi« iapmriti'i tSterefor®, a oorreotioa 
for tlis r@siteal was sad® toy tim lateroept method dis-
0ttss«d ©a pag® §4. ®a.is ©orfeotioa was aor® preoisely do-
temiaabl® by tlie data for th® lower ©oaseatratioa raag® j 
aamely, for tk® lia® pair Itt 4®gf.lB3 i/lB 4S2®,7f4 i. fit® 
grapbisal plot for ttoi® eorreotioa is fiT@B ia figmr® t. 1&® 
eurr®® ia figur® 14 loolttde botM t^ e waoorreoted aad eorretted 
oalibratios emrve®. fh® ©©rr@®t®d marm for tli® lia® pair 
mil 412S.fS? A/mU 4129.2gs A is giv«a ia figure IS. 
mmw&t of the O.ifl staadard r«aialws after t&® pr®ltol-
aasy ^ sxporlasats was aot smffi®i«t for tmadrttplleat® ex-
posiares for ®aob of tii® lia® pairs. 
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Tmhlm i 
aaiitera%i@a mta for tlm ©f 
ia mmmeim 
faiipj m 'mzf.im t/m mm^fm i 
StaMaM SeXatlve Int9asitl@« jisaa - % 
m ®ig%) Xg^ fmm Mea& 
©.om O.Sf g.fg 0.gi© 0.S31 10,0 
2> • lk8 i.iO O.SSS 11. s 
o.i^  B.m o.Sli @.4 
l.U ^,Z1 0.i4i 4.2 
o,om 1,03 B.m 0.§C» ©•4iS S.O 
i.gi z,m 0.480 E.i 
O.ft i.tt 0.500 1,4 
l.C» E.ti 0.4S4 1.8^  
o.o§ i,if i.m O.SfO 0.82? S.2 
i.if B,m 0,817 1.2 
i.SS i,m 0.822 Q.i 
B.m Z.Bl 0.801 S.l 
0.10 B,m • l.i0 1.22 i,i 
B,m B,m 1.2S 2.§ 
B.f@ B.m l,2f 4.1 
3.B4 z.m l.lt 2,S 
a, BO 4.f0 B.m 2 ..01 2. OS 2.0 
5.SS 1.^  10. f 
g.ss 1.4S 2* 11.2 
3.§t 1.4i B.m 1,S 
4.4§ i.«i 2. @9 B . f Z  1, § 
§.M l.f4 E.fS l.S 
Average f®r Seat mri&tim fr@m M®«ii 4.1 
m 
fatol® It 
§aliljrati®B Data for %hm istemimatloa ©f 
Europium is Sttarittn 
fairs lall 41gi.fW t/mil I 
BtmMM, leIatiT« mm 
(St »t%l i^» fre» Mmm. 
0.1© z,m i.61 0.341 0.35i 5.0 
s.os a. 40 0.361 O.S 
»*0f 8.20 0.375 4.S 
a.Ei 6.28 G.360 0.3 
©.to S.Oi 6.10* 0.500 ©•.5B4 4.® 
1.®® 3.48 0.584 0.0 
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®.fS 9.67* 0.913 1.2 
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i,ii 3.67 l.Sf 11.2 
s.is 8.15* 1,18 i.s 
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8.&t 4.80 l»ff 4.3 
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©^plls&tiag faeto^s w®?#. «fii«a,t. Is the aaaly-
®i» of pmrlfiei raf© ®artto for miaor iapia-itios It fms fossi-
hi® to mm & liae of %M majoir oomstitiMat as Imtaraal staadari 
feooati®® tli« @oa@«atratl@a of th« aa|@y. ooastitaoat r«aala©4 
:®ss«ti®lly @oast«t. la iio*plex aixtm^F®®, tb® eoaoeatratioa 
of all of ray® •art&s las to 1® «ia«l4er®a. as irariat>ie 
aat tli®2r®foi*® aoa® i0®aM b® a®®€ a® latetaal staatard. A so-
Imtioa to this jprotl^ was @ff«?«i toy tli® relativ® @a®e witli 
whiea ©eiriim ©oaM %@ safarat@4 f»o« t&® oth®y rare earths, 
ly first r«i©viag the o@ri«ra frw a mix tar® aat th«a r®iatx^-
taoiag a staaiart aao-aat, ©«rli». ©oalt th«a h® •®tifl©y®i as 
aa iateraal etaatart. la faot, Hofkiai ®t ai, C§3| soasider®# 
this teohaiqa® hat ahaatoaei it heoauae th®y fomd that mal-
tlpl® separatioas w®r© aooessary to protao® a aomplet® ®epa-
ratioa of the oerim. farthemor®, th® low disperaioa of the 
sp®@trograph used toy thea® iairestigator® limited th® ohoia® 
of waveleagms to a regioa whiah aoataiaed too few oeriaa 
liaes of saitatole iateraal ataaiard iat«sity. Hi® hi#i dis-
persioa of the speatrograph ased ia th® preaeat iavestigatioa 
elimiaat®d to® latter diffioalty. Ia order to @ireaaT®at th® 
maltiple eerim separatioas, it was deaided to add a larg® 
staadard aaoaat of oerim so that the oeriaa r®iaiaiag aftar 
th® first separatioa woald to® a aegligitol® portioa of "Mi® 
total. If oerim were to to® added to the sampl® so that th® 
fiaal ©offipositioB womli to® 80^1 eerian aad 20^ aample, thea 
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r®qmir«a@ats. lattsr m»iM %q -rery-iesirafel®-ia tfe® 
aaal|fs#s Qf aixtiira® ooataiaiag I&© less a^tmtaat members, ©f 
th® rare earth series, 
Z.  Frellalmry eg:peria»ts 
®i@ ^ ultimate p^*irfe»e ©f tMS' pliaee ©f the warle was 41-
reetet, m was prevlottsly stated, towarts the defel^j^eat of 
sKisslom speetrograptol© aethodis for.the ietemlaatioa ©f large 
amonats ©f tliaee rare earths- whleh possess no absorptioii, %eiit8 
Im the watelea.gth - regions aeeesslhle hy orilaary speetTOpho-
t«MBetrie mfparatw ani whlsl eaaaot be. reailly deteiaiaet'by 
oth«r meth@€s of .aaalyils. fhla ir#5ap eoasists of laathaaw., 
yttrlwi* aa€ lttte@l«, A aethot for l&e tetefmlsatloa- of 
yttrlia was aeeieft for the loa-exehiyage fraetloaatloa aaaly-
see »© this aeaber of the promf was seleetet for the laltlal 
^perlmeate. 
Slaae the effeet of the lateriBfineaee of the Qoap®aeat.s 
la a mixtmre- was belle-rea t® be aegllflble for the reaeoas 
stated oa page QS» the followlag .experiai«ta were ferfoimet 
oa blaary al^tiires of .yttrla® aai gatollalw rather th.aa 
©ompiejs: mixtures, fhle aot oaly slapllflei _ the preparatloa 
of the staaiarts bmt at the same time proTltet etaataris for 
lavestlgatlsg the tetermiaatloa ©,f gaiollalm, althoagh the 
latter Is asmally determlaei speetrofhotoaetrleally la the 
altravlolet mveleagth i«il©a. $he flea was to' staty the 
m 
of raf# ®«poa®ats is @ii«pl®x ml%%wte& 
•after tk® tuaatitatif® ©aliliratioms w®r© ©«pl@t-@4 f©r thm 
BiMpl® "toim&wf mixtmwm&rn 
• thm 4et©miaati©a mf tl«, of aaalytisal 
rati© iariag tM@ ®»itati©a was mal® %hm 'tismal iQterrupt&i 
moTiag-plat® sf@@trogram a#tb@i. A saapl© ®oa®istimg of 
froxiaat#l.y ©0^ ®a@h ®f i^triim oxMm a»d gaioliaiwm ©xii.® 
m.&. ai*@€^witk ©»rl@ o3tM«-.so tMf tkm ©®ajp©®iti®a of tie 
ffiixtmr® was EO^'saafl® @xit@s aat 80^ mw%@ ©xii®* Tkiu 
mixtme waa th®®' aix@A witl^ am @tmal w®i^t of g0O a®«li p@w-
d®r«4 grafMite, Fift»®a mg of tfci® -atstar® wa® tli®a ®a#it®€ 
•Wider tfa® »f®ria®atal #osai%ioa» • ©a f ag® il 
tkat th® Sf@@tn*. AaalyBts 1 flat® was ra^tet merf §• 
seaos'ts. fl^® Ha®-pairs for stirtf wer® tb® followiags 
for'yttrii*, HI 4gi0.fg» l/e® for gatoliaim 
m 4$m»om 'l/e® 4sis.4gf I aad it I/G®II 4Si4,370 S. 
Two- similar »©Tiag«plat®. mpmtmgjpmB wmm m&9 m mmpmmtm 
plates, fh® iat@B»ity ratio® w®r® tli®a 4®termiaei ia tM® 
m®aal maaaer. figar@» 16 aat If s*»riae tb& data i!®iie& was 
olitaia®d« fit® relatively ««11 okaag® ia tb@ walmm of tfe® 
ittteasity ratio Attriai th®'eatire exoitatio^as, «sp«@ially for 
the T/O® ratio, affroao&ei, t&® itealiseH eoaAitioa wliioli is 
®«M« attaiaot ia 4-o ar© a®tfco€». »is relatiT®ly eoastaaoy 
©f aaalytioal ratio fltts- tb® kigk reprodasltjility of tfe® data 
fro® tto® iatifiiaal flat®® iadieatei tMat 6®riw ex©ell®atly 
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Fig. 17. Variation of Analytical Ratio with Time; Gadolinium in Complex Mixtures 
qaalifi#at.loms ©f aa iateraal staadari, 
this ms fortaaat®, f©r @eriw. t&# oaly pi?a©ti®©l fossi-
feility ©f ttslsg. •&»©»« raw '©aifttot as aa staadayd la 
aaaiys@si 
Z. S®i®.©tioa of IIb® •pail'® 
- Th& s@arefe for aat 8e3.e©ti©a of smitaW.® lla® ijairs was 
mat® in th@ mm® aaoaer m i©:S«rib«t ©a pagas §8 aat S9. 
Sps©i.al • ©ar® was tak®a t©. s@l@@t lia@s l®ast sttb4®©t to iat®r-
fer®ao@ froa. amy ©taxer mwm mrthm wbi©& migMt fe® pireseat ia 
sigiifiQaat em.Qm,%6 ia a©t«al ®©ataiaimg th® yttriao 
m gadoliniim. Tkm lim® palx® wmm tikm sam© th&% 
w«ire mmA for tto# aa«ly%i©al ratio tia® •stMi®® ias-
©api'bed ia tto® pF®Trioms seetioa. 
4., gqaatitatiirc talltoation® 
. fl® .yttrim-oxii® ami gatalialia ©xlA® tis®4' is tb® prepa-
i-atiQB- of tk® syatih©ti© staatayds w@r® ofc,ta.im@d tmm. Ada» 
lilger, I.M, I,®adoa., toglaad aad wmm ©f Wt® Sp®etr©s@opi0ally 
Staiida?di2®!i gmi®, ft® ytteiw ©xid# I'taboMtery 1©^. @E§4}' 
©am® from tte® @olle©ti©a ®f Sir William Sroolces aad tfe® gad©-
liaiia ©xid® (iaMra'tory Mo. ISfilfl was prepared by Dr. J. M. 
Marsb. A spestregrapMe @xaaia«ti©m of ttoes® ©xii®s.ittdi®at®d 
tit® pr®s@a©® of a tra®® of yttriiai im^ t&e gtt4oliiiiW":©xid® aat 
a tra©® ©f gadQliaiw ia tlie yttrii* ©xld®. Sttlss®<?ii©at tests 
m 
iadi@at®4 that %h& ©oaesatfattoii of th» respeetiv® Saiparlties 
wer® a«gliglbl#, 0ae-littadr«4 mg ©f #a@to of tto® abov® oxides 
w«r@ iadividmally tigsolved ia iiiat® hydroofelori® a@id aad 
dilmtsd to exaetlf iOO al. l&e piropei? voliiaes of thes® so-
Imtioas w@i?@ thsa plf®tt«d ia^ i§0 al b®a&®jpg to yield 
soimtioBs ooasistiag of Cas oxide I 3.^, lifS, 25^, 4Q^, «0#, 
S©|S, and 10©^ yttrina wMl# th® ir^naimter was gadoiiaiiw. oxide, 
i.®. 90$, ®S^, f$i; $Q%, 4©f|, 20|l, mA respe@tiT®ly. fhe 
total ©xid® ©oateat of emh of th®«@ staaiay<ib was • 20 mg. 'a® 
soawe of %k® mTtwa. w&s aMoaiw iiexaaitrato-oerat® ©f pri­
mary standard pmrity sold by fr®t®ri@l£ .Saitk mmimX 
Qomprnj, Oolmbms, Ofcio. A af®etrograplie analysis of this 
©alt did aot reveal tMe fres«@® of other rar® eartl®. 
A standard ©olmtioa oomtaiai^ thm eqmi^aleat of 4 grams of 
©®rie oxide iCeOgI per liter was prepared by dissolviag 
ia..fSf iraM of the salt ia water aad dilmtiag to exaetly 
1000 ml* Bfoaty al of tlte eeriaa solmtiom were tli^ added 
to eaob of the ©olutioas ooataisiag ^® Immm. amoumts of 
yttrim aid fiadolisiw. ffe® eolmtioas were aoidified witb ai-
trio aoid ai^ tb.® oeriw redtaoed by tMe additioa of @ ml of 
30^ .toydrogea peroxide. M oramge broim eolor fieireloped after 
ttoe addition of tke bydrogea peroxide bmt tbis faded qmimir 
to a oolorles® soltttioa dwriag tbe smbsettt«»t beating, ffee 
exeese bydrogea peroxide was- deeoaposed by evaporatioa of 
tbe solutloa to abomt 10 «l. After dilmtiag tbe soliitioa to 
m. 
alottt 100 .al a S tia@8 ®mmm of mmmiim 
mxsLl&tm was aM©€ aai tMs was t&llmmA hf th© aMitioa of 
aaffioaioB, mtil th® soiiitl^a was hml@, m& f©r-
mtim of « bmw& fr®©itltat@ at tMm pelat wait affaremtly 
du# t<i> of the mxmss k^€mgm p#r» 
Qxit®. (ia® pr©s®a@® ©f lytiregta p»ir©xi4@ ia a H-afiis s©* 
iQtiom trifmJl#at #xidi^@s tlid isttsr %m 
thm I&e lytTOxid® of, fnairlvaleat @#ri«a 
Is aa€ is a@t pj?®«ipita%©i qwaatitatiirely).. Ia ISi® 
mwmnt that th® «x@e®® lty4roi®a f«r0xi4« was iao^pieteiy re-
ao-ret, t&@ -solatiom was a©ii,ifl«t witfe aitri® ael4 aat ® »! 
of 3§^ p&rmMm w&m aM®t mam^ r®iii®tiom of ®ii. 
t£k® ®®riw 0xiAi2®& ia tit® bMMi® ®oimtiom* 'fb® Boimtioa w®s 
thm etaforatei aa4 tjr®at«i mm ©«tl.ia«i. alioir®. fh® mm 
mrth pr®®tpitat®s i*«r© filter«t off, .tri«4 i«4 i®ait®d to 
til® oxit®8, m eqmmX w@i^fc of ©papltit® was ^ ®a aix®4 with 
the oMMm by griaiiag for several alamtes la m agat® mortar# 
fkm ©xp«rim®atal oomtltioas ms®A for tl» ©aliteratioa ®x-
•peria®»ts w®r® i4«ati©a3. to tfco®® tatemlatM oa pai® ®xoept 
mm% gp«®tr«tt Mm&lymlm Mo. X plat®® w-®r« tts.®€ «ad the se®tor 
&p©rtttr@s w®r« aa€ ft® apertar® 
ep«®trograa» pr©vM®4 optlam lla® iateaeities* 
•fb® pertiaeat 4a%a ©totaiaet tmm ties® ®alilratioa ex-
feria®at8 ar® ta^mlat®4 ia t&tele® IS «at M, 
fi 
Tmirn m 
Saliteatioa lata tli® Determinatlom ©f Tbtrt« 
la 'GMflex W%%%wt%M 
StaadaM 
Yttrium ixlAel 
l«l«ti¥® Int@a«itie® 
% '^e %/j0e 
IS l.Sg 4.fS o.sgo 
l.Sf 4.®i O.SEO 
m l.fS n,m 0.4@S 
S.IS 4. fa 0.4S0 
m Z.7Z 4.30 O.iiO 
3.14 • 4..8S 0.€48 
i© 4.05 4.@t Q.@4S 
4.00 4.8^ 0.8S0 
m 4.15 3.®# l.Of 
4.SS 4.fO i.m 
im 4.S$ S.tg 1.20 
4,m 1.S4 
l&e @aliterati©a mmrms ©fetala®i trm. M%& ia tables 
IS ana 14 ar© ill»®trat®l ia figiir®8 16 «€ It. 
§. Amm'mw aaA pg#@i»ioa 
In offioip %Q pfOTit® data fmr 4@t®imiaiag t&« aoe-ffiraoy of 
these taliterati©B eiirves for tJie aaalfsts ©f other tkaa l»laary 
mixtmm ®f yttrtwa aafi gatoliaiw ©sEiitt ® awber of spttbetio 
ssmfles w@3P® fr«par@i. 1&«@® w®r® alxtares prefared ht mixlag 
lEBom of jttjplw or gadoliaim oxii® wit& laatliaaa» 
©r ewp©fi« ©xit®. ®is •pmw%A®& toiaarj aixtwp®® in ^ i®M thm 
©ttoer 0©ajioa©ats w@r® entirely €iff@reat firsa tkos® wet la tMe 
staaAard® f©r p@rf©imiai t&@ ealitorati©.BS, ®l® sasipl®® were 
m 
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Fig. 18. Calibration Curve for the Determination of Yttrium in Complex Mixtures 
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Fig. 19. Calibration Curve for the Determination of Gadolinium in Complex Mixtures 
pr®p«ir®i ia tie s«« «a»aei' as tl® s%.aBtari». Mplleat© aaaly-
ses wei-e aat® ©a mmh ssBpl,®. r«fial.ts ©f ties® -esepeuiaeats 
are eii^arized im X§« 
mm% if 
Ammmf &t Yttrium and Gadoliniw l^t@miaati©as ia 
Complex Mixtures 
^ YttriuBi or ®a4@- lxperiiieata3.^Irr©r 
<^ap@®iti©a ©f Ssaple liaium Oxide f©aat (Fer Seat) 
Seil YgQs, 5®^ LagOs 51.0 
i©# YbOs, Ma^Os 48. S 
^ TgOs, LagOs B3.7 
4C^ LagOs 38.0 
iiaee tke results exlibiteA aa @rr©r a©t .greater ttea tbe 
asmal exferimestal error it,.was eoaelmted tfe-at tM- mt^mmm 
iaflaeaee of the ©tteer imriaWe ©@af©aeat® ia tfc® &h&m mix-
tares was aeglifible. Ia rim of the great siallarity ia the 
properties of the rare «arth%' it was reasoaable to poatalate 
that the iafla.ea@e ©f aay other mmhmm ®f the series woalt 
likeviae he aeglifihle* 
time Ait, a©t peait as, exteasive staiy @f the preeisioa 
©f these methods, fhe agre«fteat ©f the Ai^lieate reealte ia 
the ©alihrati®a experimeats iadieated that the preeisioa shoaM 
he eoaparahle to aethots diseaaset preTiomsly. 
t.O 
§ » B  
l.S' 
i.o 
if 
Sto« mmmB6fmX of m&ismlm mpmtrm to tlid 
&f th» mm mwtlm hem 
hr th« 0f f©r tte© €«t®aiaati©m of mia©r 
raf® ®artM iaparities la f«jrifl#t raif© ©artliB asA f©r th« 4e-
t«i»Li&ati©a of large imomtft &f mm mrtkB im mmplm mix* 
twtme, fkm metkMg wM^k wmtt i«v®l©f©€ ar® reatHy aAap table 
t® tl« aaalysis of amy fwrlfisd rar® ©artli qw @mplm ttixtur®® 
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